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PREFACE. 


This  book  is  specially  adapted  to  tlie  requivements  of 
the  syllabus  of  the  Advanced  Stage  Inorganic  Chemistry 
issued  by  the  Science  and  Art  Department. 

It  is  assumed  that  the  student  has  already  worked 
through  the  Elementary  Stage  and  acquired  a  general 
knowledge  of  the  chemistry  of  the  Non-metals ;  hence  in 
this  section  only  matter  of  a  supplementary  character  is 
given. 

The  subject  of  Chemical  Physics  as  well  as  the  chemical 
operations  employed  on  the  manufacturing  scale  have  both 
been  dealt  with  at  greater  length  than  is  usual  in  a  work 
of  such  moderate  dimensions. 

The  importance  attached  in  the  syllabus  to  tJiese 
branches  fully  justifies  this  liberality  of  treatment. 

The  metals  and  their  chief  compounds  have  been  con- 
sidered in  the  order  suggested  by  the  periodic  system,  and 
prefixed  to  each  group  a  summary  of  the  chief  characteristic 
properties  of  the  group  will  be  found  ;  it  is  hoped  that  this 
arrangement  will  enable  the  student  to  grasp  most  readily 
the  principal  facts  relating  to  the  metallic  elements. 

Another  volume  of  this  series  is  in  preparation  which 
will  contain  a  course  of  practical  work  for  the  advanced 
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student,  hut  as  it  is  believed  that  a  thorough  grasp  of 
the  subject  of  Chemistry  can  be  gained  only  by  the 
student  performing  the  operations  himself,  an  appendix 
appears  in  this  work  giving  a  list  of  experiments  that 
should  be  performed  in  illustration  of  the  subject  of  each 
chapter. 

JVovember,  1898. 
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CHAPTER  I. 
PROPERTIES  OF  GASES. 

Although  some  of  the  earlier  philosophers  regarded  air  as  a 
fluid,  it  was  not  till  the  seventeenth  century  that  any  definite 
proof  of  this  was  given.  Nor  was  it  till  late  in  the  eighteenth 
century  that  (with  the  exception  of  air,  hydrogen  and  carhon 
dioxide)  gases  were  distinguished  from  one  another  as  different 
chemical  substances.  At  the  present  day,  and  especially  amongst 
the  non-metals  and  their  compounds,  we  are  acquainted  with  a 
large  number  of  bodies  which  exist  under  ordinary  atmospheric 
conditions  in  the  form  of  gas. 

The  examination  of  the  properties  of  gases,  and  of  the  part 
which  they  play  in  chemical  reaction,  cannot  be  carried  out 
without  a  knowledge  of  their  physical  properties. 

We  purpose  then  to  show  how  the  weight  of  a  gas  may  be 
determined,  having  regard  to  the  allowances  to  be  made  for 
temperature  and  pressure. 

The  General  Property  of  "Weight  of  G^aseB. 

This  may  be  shown  by  suspending  two  similar  beakers  of  about 
5  Htres  content,  one  of  them  in  an  inverted  position,  at  the  ends 
of  the  arms  of  a  rough  balance  and  counterpoising  them.  If 
now  hydrogen  is  passed  into  the  inverted  beaker  by  means  of  a 
tube  held  as  far  up  the  beaker  as  possible,  but  without  coming 
into  contact  with  it,  and  gradually  lowering  the  tube  towards  the 
mouth. of  the  beaker.    The  hydrogen  will  accumulate  in  the 
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upper  part  of  the  beaker  and  gradually  fill  it  to  the  mouth, 
pressing  out  the  air  before  it.  The  arm  of  the  balance  will  at  the 
same  time  be  deflected,  and  the  beaker  in  question  will  rise. 
Small  weights  should  now  be  added  till  the  arm  becomes 
horizontal  again.  If  the  beakers  are  of  the  size  prescribed  above, 
about  6  grammes  will  be  necessary  for  this.  If  we  continue  to 
pass  the  gas  after  this,  the  equilibrium  of  the  balance  will  not  be 
disturbed,  but  on  withdi-awing  the  tube  the  arm  bearing  the  in- 
verted beaker  will  soon  begin  to  fall  again,  showing  that  it  is 
now  gaining  weight.  This  is  due  to  the  diffusion  of  the  hydrogen 
out  of  the  beaker  and  its  replacement  by  air,  and  it  will  be  seen 
how  gradual  such  a  process  is. 

We  have  seen  then  by  this  rough  experiment  that  when  5  litres 
of  air  are  replaced  by  5  litres  of  hydrogen,  a  loss  of  weight  occurs 
equal  to  about  6  grammes,  which  represents  that  a  litre  of 
hydrogren  is  approximately  12  grammes  Zig'^ie?"  than  a  litre  of  air. 

When  the  whole  of  the  hydi-ogen  has  been  cleared  out  of  the 
inverted  beaker  and  replaced  by  air,  pass  carbon  dioxide  down- 
wards into  the  other  beaker,  and  note  that  it  is  depressed,  show- 
ing that  whilst  hydrogen  is  much  lighter  than  air,  carbon  dioxide 
is  heavier  than  air.  The  weight  requued  to  restore  equilibrium  in 
this  case  will  be  found  to  be  approximately  3  grammes. 

To  determine  the  weight  of  gases  more  accurately;  suspend 
from  the  arras  of  a  deUcate  chemical  balance  two  globes  fitted 
with  stop-cocks,  and  having  a  content  of  about  500  c.c.  In  order 
to  eliminate  corrections  for  buoyancy  of  the  air  the  two  globes 
should  be  as  nearly  as  possible  similar. 

Exhaust  one  of  the  globes  carefully  at  the  air-pump,  and  then 
close  the  stop-cock.  Now  attach  it  at  one  arm  of  the  balance, 
and  the  other  globe  filled  with  dry  air  at  the  other  arm,  and  note 
the  weight  to  be  added  in  order  to  bring  it  into  equipoise.  This 
will  be  the  weight  of  500  c.c.  of  air,  say  0-618  gramme  at  the 
temperature  and  pressure  prevailing  at  the  time,  say  9°  C.  and 
750  ra.m.  pressure.  Now  attach  the  vacuous  globe  to  a  supply  of 
dry  hydrogen  and  again  equipoise. 

Instead  of  0-618  gramme  we  find  only  0-575,  and  we  have  the 
data  necessary  to  determine — 

(1)  The  relative  density  of  hydrogen  and  air. 
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(2)  The  weight  of  a  litre  of  hydrogen  or  air. 
For  the  present  we  only  know  that  one  litre  of  air  and  of 
hydrogen  at  90°  C.  and  750  m.m.  pressure  weigh  respectively 
1-236  grammes  and  0-086  gramme. 

We  shall  now  consider  the  effect  of  temperature  and  of  pressure 
on  the  volume  and  density  of  a  gas. 

Relation  of  Volume  of  Gases  to  Temperature. — Take 
one  of  the  globes  previously  mentioned,  and  plunge  it  (with 
the  stop-cock  open)  in  a  bath  of  water  cooled  down  to  0°  C. 
by  the  addition  of  fragments  of  ice.  When  it  has  remained 
some  minutes,  and  the  air  in  it  has  been  reduced  to  zero,  close  the 
stop-cock  and  carefully  dry  the  outside  of  the  globe.  The  other 
globe  is  to  be  heated  to  100°  C.  by  steam  or  boiling  water,  the 
stop-cock  is  then  closed,  and  the  globe  dried.  Attach  both  to  the 
balance,  and  the  latter  will  be  found  to  be  considerably  lighter 
than  the  other.  The  air  in  the  globe  owing  to  expansion  has  been 
partly  expelled  from  the  globe. 

The  expansion  which  a  gas  undergoes  is  a  constant,  and  inde- 
pendent of  the  chemical  composition  of  the  gas.  Dalton  found 
the  expansion  to  he  Tjfj  part  of  its  volume  at  0°  for  each  increment 
of  1°  0.  in  temperature. 

This  is,  however,  more  usually  known  as  the  Law  of  Charles. 
Stated  in  another  form  we  have — 

273  vols,  of  gas  at  0°  C.  become  274  vols,  at  1°  C. 
ji        «  ■  )>     275    ,,    „  2°  C. 

»         »  )i      276    „    „  3°  C,  and  so  on ; 

also         „         „  „      272    „  „-l°C. 

>>        1)  »     271    „     „  -  2°  C. 

I)         •)  II     270   ,,     „  —  3°  C. 

Now  the  absolute  zero  of  temperature  is  -273°  C,  and  convert- 
ing the  temperatures  stated  above  into  degrees  absolute  by  the 
addition  of  273,  we  see  that  the  volume  of  the  gas  will  be— 
At  270°  absolute,  270  volumes 
„  271°       „       271  „ 
„  272°      „      272  „ 

273°      „       273       „  &c, 
that  is,  tho  volume  of  a  gas  is  directly  proportional  to  its  absolute 
temperature. 
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Relation  of  volume  of  Gases  to  the  pressure  to  which 
they  are  subjected.— An  experimental  investigation  of  tliis 
may  be  made  by  using  the  simple  apparatus  here  described. 

A  B  C  is  a  bent  glass  tube 
of  even  diameter,  one  limb 
of  which  is  made  at  least 
8  feet  long,  and  the  other, 
provided  with  a  tap  at  the 
extremity,  is  40  inches.  A 
side  tube  is  provided  at  B, 
for  running  off  mercury 
from  the  longer  limb.  It 
is  not  necessary  to  graduate 
the  tubes  throughout,  but 
the  following  points  may 
be  marked  on  the  shorter 
limb — 

(1)  a  point  4  inches  from  C. 

(2)  a  point  6  inches  from  C. 

(3)  a  point  12  inches  from  C. 

(4)  a  point  24  inches  from  C. 

(5)  a  point  39  inches  from  C. 
And  on  the  longer  limb — 

(6)  a  point  63  inches  higher 
than  the  level  of  (5). 

(7)  a  point  95  inches  higher 
than  the  level  of  (5). 

Open  the  tap  and  pour 
in  mercury  to  the  level  (3X 
then  close  the  tap,  and  al- 
low mercury  to  run  off  till 
it  falls  to  level  of  (4).  The 
pressure  to  which  tlie  gas  is 
subjected  is  now  that  of  the 
atmosphere  (say  30  inches  of  mercury,  minus  the  column  of 
mercury  in  the  shorter  limb  that  stands  above  the  point  (5),  i.  e. 
15  inches  of  mercury).  The  length  of  the  tube  occupied  by  the 
gas  is  now  24  inches  instead  of  12  inches  at  the  outset.  Tlie 


Fio.  1. 


PEOrERTlES  OF  GASE3. 


5 


pressure  on  the  gas  originally  to  that  exerted  now  is  in  the  ratio 
30  :  15,  or  2  :  1,  and  the  volume  of  the  gas  (the  tube  being  of 
even  diameter  throughout)  is  in  the  ratio  12  :  24,  or  1  :  2. 
.  Now  pour  in  mercury  till  it  reaches  the  level  of  (6)  in  the  longer 
limb,  and  we  shall  find  that  in  the  shorter  lim.b  it  will  then  stand 
at  level  (2).  The  length  of  the  tube  occupied  by  the  gas  is  now 
6  inches,  or  the  volume  is  in  the  ratio  1  :  2  of  that  which  it 
originally  occupied.    The  pressure  is  60  :  30,  or  2  :  1. 

Finally  pour  in  more  mercury  till  the  level  (7)  is  reached  in  the 
longer  limb,  and  we  find  that  in  the  shorter  limb  it  will  stand  at 
level  (1).  The  length  of  the  tube  occupied  by  the  gas  is  now  4 
inches,  or  the  volume  is  in  the  ratio  1  :  3  of  that  which  it  origin- 
ally occupied.    The  pressure  is  90  :  30,  or  3  :  1. 

That  is,  placing  the  respective  ratios  of  pressures  and  volumes 
side  by  side  we  have — 

Pressure  increased,  1  :  2.     Volume  decreases,  2  :  1 
„      decreased,  2:1.  „      increases,  1  :  2 

,,  o  .  I.  ,,  i  .  u, 

or  when  the  tem'perature  remains  constant  the  volume  occupied  by 
a  gas  is  inversely  as  the  pressure.  This  is  known  as  the  law  of 
Boyle  from  the  fact  that  he  first  gave  definite  experimental  proof 
of  its  truth  in  1662.  In  France  and  Germany  it  is  often  called 
Mariotte's  Law,  Mariotte  being  credited  with  the  independent 
discovery  of  the  law  fourteen  years  later  than  Boyle. 

It  may  be  expressed  shortly  by  the  fornmla — 
P.  V  =  a  constant. 
P  being  the  pressure,  and  V  the  volume  occupied  by  the  gas 
under  that  pressure. 

If  the  volume  is  taken  as  unity  under  a  pressure  of  1  atmo- 
sphere, the  law  may  be  stated  thus — 

P.  V  =  1. 

The  above  description  is  only  true  for  a  perfect  gas  under 
moderate  pressure  and  temperature.  No  perfect  gas  exists  in 
reality:  hydrogen,  nitrogen,  and  a  few  other  gases  behave  at 
ordinary  temperatures  and  pressures  nearly  like  a  perfect  gas, 
but  at  very  low  temperatures  or  high  pressures  even  these  no 
longer  agree  strictly  with  the  laws  as  stated.  It  is  found  indeed 
that  uU  gases  when  placed  under  certain  extreme  conditions  of 
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temperature  and  pressure,  behave  abnormally,  and  ultimately  pass 
into  the  liquid  state,  and  it  is  only  when  they  are  far  removed  from 
this  liquid  state  {i.  e.  at  temperatures  and  pressures  such  that 
tliey  are  far  above  the  boiling-point  of  the  liquid)  that  they  obey 
Charles'  and  Boyle's  laws. 

Liquefaction  of  gases. — By  a  combination  of  high  pressure 
and  low  temperature  every  gas  can  be  liquefied. 

The  following  table  gives  the  temperatures  and  pressures  at 
which  some  of  the  commoner  gases  become  liquids — 

Carbon  dioxide  at  -    80°  C.  and  1  atmosphere  pressure, 
or  at  -    20°  C.   „  23        „  „ 
or  at  +    20°  C.   „  58        „  „ 
Sulphur  dioxide  at  -    10°  C.  ,,1        »  » 
or  at  +    10°  C.   „  2-3        „  „ 
or  at  +   30°  C.  „  5-3        „  „ 
Nitrogen  at  -  193°  C.  and   1  atmosphere  pressure 
or  at  -  160°  C.   „  14        „  „ 
or  at  -  146°  C.  „  52        „  „ 
Air  at  -  191°  C.  „    1        „  „  . 

or  at  -  140°  C.  „  39        „  „ 
Ethylene  at  -  103°  C.   „    1        „  „ 

A  gas  cannot  always  be  liquefied  by  pressure  alone.  There  is 
in  fact  a  temperature  peculiar  to  every  gas  above  which  the  gas 
cannot  be  liquefied  by  any  pressure  whatever.  Thus  Andrews 
has  shown  that  at  temperatures  above  31°  C.  it  was  impossible 
to  liquefy  carbon  dioxide  by  pressure. 

This  temperature  is  called  the  critical  temperature  of  the  gas, 
so  that  the  critical  temperature  of  carbon  dioxide  is  31°  C.  The 
pressure  which  a  gas  exerts  at  its  critical  temperature  is  called 
the  critical  press^ire.  The  following  table  gives  these  two  con- 
stants for  a  number  of  gases — 


Critical  temperature. 
Nitrogen  -  146°  C. 

Oxygen  -  119°  C. 

Nitric  oxide  -  93°  C. 
Mar8h  gas  -  100°  C. 

Carbon  monoxide  -  140°  C. 


Critical  pressure. 
33  atmospheres. 
50 
71 
50 
39 


PEOPEBTIES  OF  GASES. 


7 


It  will  be  noticed  that  the  five  gases  in  the  table  have  very- 
low  critical  temperatures  ;  these  gases  and  hydrogen  were  until 
recently  called  permanent  gases,  because  until  1879  all  attempts 
to  liquefy  them  had  failed  owing  to  the  temperatures  employed 
being  above  the  critical  point.  Hydrogen  and  helium  have  the 
lowest  critical  temperatures  of  all  gases  and  have  only  recently 
been  hquefied  by  Dewar.  The  boiling  point  of  hydrogen  is 
as  low  as  —  238°  0,  liquid  hydrogen  is  only  ^^ih.  the  density  of 
water. 

Various  methods  have  been  employed  in  liquefying  gases. 
Faraday  was  able  to  liquefy  a  large  number  of  gases  by  means  of 
their  own  pressure  in  glass  tubes.  To  liquefy  chlorine  in  this 
way  the  yellow  crystals  of  chlorine  hydrate,  CI2  8  HjO,  arc 
brought  into  a  glass  tube  of  about  1  cm.  in  diameter,  and  closed 
at  one  end.  The  tube  is  then  bent  at  right  angles  at  about  its 
middle  point  and  sealed.  If  now  the  sealed  end  be  placed  in  a 
freezing  mixture,  whilst  the  other  end  containing  the  hydrate 
be  gently  warmed,  a  comparatively  large  volume  of  chlorine  ia 
liberated,  and  the  pressure  of  the  accumulated  gas  together  with 
the  low  temperature  employed  is  sufficient  to  bring  about  its 
liquefaction. 

If  silver  chloride  be  saturated  with  ammonia  gas,  it  forms  the 
compound  2  AgCl.  3  NH3,  and  this  body  treated  in  the  same  way 
evolves  ammonia  in  such  a  quantity  as  to  liquefy  by  its  own 
pressure. 

Diffusion  of  gases. — The  particles  of  gases  possess  a  much 
greater  freedom  of  motion  than  do  those  of  liquids  or  solids,  for 
the  excursions  which  they  may  make  are  confined  in  the  case  of 
tbe  latter  to  the  space  occupied  by  the  liquid  or  solid  itself ;  in 
the  case  of  gases,  however,  the  extent  of  these  excursions  is  only 
limited  by  the  walls  of  the  vessel  in  which  they  are  contained. 
Furthermore,  if  the  walls  are  loose  and  open  in  texture,  that  is, 
porous,  then  it  is  possible  for  the  gaseous  particles  to  traverse 
them. 

If  a  quantity  of  ammonia  be  discharged  at  one  end  cf  a  room, 
the  odour  of  the  gas  will,  after  a  short  time,  be  perceptible  at  the 
other  end,  even  though  the  temperature  of  the  room  is  constant 
throughout  and  the  air  still  and  free  from  currents. 
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That  a  very  light  gas  should  rise  in  a  denser  atmosphere  and  a 
heavy  gas  full,  is  only  what  might  be  expected  from  the  ex- 
perience gained  with  solids  or  liquids.  The  following  experiments 
will,  however,  serve  to  show  that  gases,  however  light  they  may 
be,  will  also  gradually  difiFiise  dotmwards  through  a  denser 
atmosphere,  and  however  heavy  they  may  be,  they  will  gradually 
diffuse  upwards  through  a  lighter  atmosphere.  The  particles  of 
a  gas  must  therefore  be  subject  to  some  other  impetus  than  that 
accounted  for  by  the  ordinary  laws  of  gravitation.  The  transfer 
of  a  mass  of  a  gaseous  body  (hydrogen  or  coal  gas  in  a  balloon) 
takes  place,  it  is  true,  in  accordance  with  gravitation,  but 
diffusion  of  the  particles  of  gases  cannot  be  so  explained ;  it 
is  the  result  of  an  active  and  incessant  motion  proper  to  the 
particles  themselves.^ 

If  a  stout  glass  collecting  jar  of  about  I  litre  content  is  filled 
with  hydrogen  and  held  steadily,  mouth  downwards,  for  three 
or  four  minutes  and  a  lighted  taper  is  then  brought  into  it ;  it 
will  be  found  that  instead  of  burning  quietly,  as  pure  hydrogen 
does,  there  will  be  an  explosion.    This  is  evidence  that  during  the 


the  stoppers  fi-om  two  of  them  the  following  observations  can  bemade. 

1  This  statement  must  not,  however,  be  taken  to  indicate  that  the  constitution 
of  gases  differs  essentiaUy  from  that  of  liquids  and  solids.  The  particles  of 
hquids  and  possibly  solids  also  partake  of  progressive  movements,  but  tlieso 
are  more  limited  in  extent,  being  restricted  to  the  mass  of  the  liquid  or  solids  ■ 
they  also  give  evidence  of  being  less  rapid. 


Fio.  2. 


period  of  exposure,  the 
heavier  air  particles  have 
diffused  into  the  jar,  the 
explosion  being  due  to 
admixture  of  oxygen  with 
the  hydrogen.  If  three 
similar  bottles  are  filled 
with  chlorine  and  their 
mouthsclosed  with  stoppers 
and  they  are  then  placed 
in  beakers  as  shown  in  the 
figure  and  the  mouths  of 
the  beakers  covered  with 
glass  plates  ;  on  removing 
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(1)  In  a  few  minutes  aspirate  some  of  the  air  from  the  beaker 
through  a  solution  of  potassium  iodide  ;  the  solution  will  be 
colom-ed  brown  owing  to  the  fact  that  chlorine  liberates  iodine 
from  a  solution  of  potassium  iodide.  Air  will  not  do  this,  and 
evidence  is  thus  presented  that  some  of  the  chlorine,  though  more 
than  twice  as  heavy  as  air,  has  passed  from  the  bottle  into  the 
surrounding  space. 

(2)  Compare  the  colour  of  the  second  unstoppered  bottle  from 
time  to  time  with  that  of  the  one  remaining  stoppered,  the  green 
colour  in  the  former  will  be  seen  to  grow  much  more  faint  owing  to 
the  gi-adual  diffusion  of  the  chlorine  from  the  bottle  into  the  beaker. 

A  porous  cell,  such  as  is  used  in  voltaic  batteries,  is  fitted  with 
an  indiarubber  stopper,  and  a  glass 


tube  about  half  a  metre  long, 
furnished  with  a  bulb,  is  passed 
through  the  stopper  ;  this  is  bent 
and  di'awn  out  into  a  jet  as  shown 
in  the  figure.  Before  inserting 
the  cork  fill  the  bulb  and  lower 
part  of  the  tube  with  water.  Now 
place  a  beaker  filled  with  hydrogen 
over  the  porous  cell,  and  the  water 
will  be  immediately  depressed  and 
driven  out  of  the  jet  in  a  fine  stream. 
This  is  evidence  that  the  light  gas 
hydrogen  passes  through  the  walls 
into  the  porous  cell  quicker  than 
the  air  is  able  to  pass  out  of  it. 
A  greater  volume  of  gas  collects 
within  the  space  of  the  cell  and 
tube  and  forces  the  water  out 
before  it. 


Do  a  similar  experiment  with 
the  arrangement  shown  in  the 

figure  2b,  in  which  it  is  possible  to  observe,  by  bubbles  passing 
through  the  water  in  the  bottle,  that  air  is  finding  its  way  into 
the  porous  cell  through  the  glass  tube.  In  this  case  the  cell  con- 
taining air  is  surrounded  with  carbon  dioxide  in  a  beaker.  Under 
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Fia.  2b. 

Repeat  the  last  experiment,  using  oxygen  instead  of  carbon 
dioxide,  and  note  that  in  this  case  the  bubbles  pass  in  mucli  more 
slowly,  and  altogether  a  much  smaller  volume  of  air  is  required 
to  restore  equilibrium  in  the  cell. 

The  relative  densities  of  the  gases  employed  in  the  above 
expernnents  are — 

Hydrogen,  1.  Air,  14-4.  Carbon  dioxide,  22. 

Oxygen,  16. 
The  greater  the  difference  in  density,  the  more  rapid  is  the 
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diffusion.  By  measuring  the  amount  of  different  gases  winch 
diffused  through  a  porous  .plug  in  a  given  time,  under  like 
conditions,  Graham  found  that  the  relative  rate  of  diffusion  is 
inversely  proportional  to  the  square  root  of  their  densities.  Thus 
in  relation  to  air-  ^  ^^^^^.^^ 

— — ^ — diffutiion 
v'densityy  observed. 

Density  of  hydrogen         =  0-0C95  =3-792  3-830 

„       oxygen  =  M043  =  0-951  0-949 

carbon  dioxide  =  1-5180  =  0-812  0-812 

The  Metric  System  of  Weights  and  Measures. 

Before  entering  into  farther  detail  in  regard  to  the  relative 
density  of  gases,  it  will  be  well  to  adopt  certain  units  of  mass 
and  volume.  The  metric  system  has  been  found  convenient 
for  all  operations  in  which  weighing  and  measuring  are  concerned. 

The  unit  of  length  in  this  system  is  the  metre,  which  is  equiva- 
lent to  39-37  inches. 

The  unit  of  volume  is  that  of  a  cube  whose  side  is"-,^  of  a 
metre,  equivalent  to  very  nearly  one-sixteenth  of  a  cubic  inch, 
and  the  unit  of  weight  is  the  weight  of  this  volume  of  water,  the 
temperature  being  that  at  which  water  has  its  maximum  density, 
viz.  4°  0.  This  weight  is  termed  the  gramme,  and  is  equivalent 
to  15-432  grains. 

The  prefix  kilo  indicates  the  multiple  1000,  thus — 
1  kilogramme  =  1000  grammes  =  15432  grains  =  abt.  2-2  lbs. 

The  prefixes  deci,  centi,  and  milli  respectively  indicate  the 
fractional  parts  and  nnnr- 

1  decimetre  =     tV  metre  =     3-937  inches. 
1  centimetre  =   t^tt     »     =   0*3937  „ 
1  millimetre  =  rroT     «     =  0-03937  „ 
One  inch  is  thus  slightly  more  than  25  millimetres. 


MILLIMETRES  SCALE  OF  CENTIMETRES 

O      S      10  20  3  4  S  e  7  S 

lilllllllll  1  I  I  I  I  I-  1 

0  'It-      va       jyj.        /   2  J  

1  1         I         I  I  I  II 

SCRLE  OF  INCHES 
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1  decigramme  =     A  gramme  =     1-5432  grains. 
1  centigramme  =  „      =   0' 15432  „ 

1  milligramme  =  -ro*(nr       »      =  0-015432  „ 

A  measure  of  volume  very  frequently  employed  is  the  litre, 
which  is  the  vohime  occupied  by  a  kilogramme  of  water  ;  it  is 
tlierefore  equivalent  to  a  cubic  decimetre,  or,  in  English  measure, 
61-027  cubic  inches. 

Whenever  the  specific  gravity  of  a  liquid  or  solid  is  spoken  of, 
water  is  used  as  the  standard  of  comparison  ;  thus,  if  we  say  that 
sulphuric  acid  has  a  specific  gravity  of  1-84,  we  imply  that  it  is 
1-84  times  as  heavy  as  water,  and  hence  one  cubic  centimetre  of 
such  acid  will  weigh  1-84  grammes. 

Hydrogen  is  in  Hke  manner  employed  as  the  standard  by  which 
to  express  the  density  (or  better,  specific  gravity)  of  gases.  One 
litre  of  hydrogen  at  standard  temperature  and  pressure  {i.e. 
0°  C  and  760  m.m.  mercury)  weighs  0-0899  gramme,  and  when 
we  say  that  nitrogen  has  a  density  of  14,  we  mean  that  it  is  14 
times  as  heavy  as  hydrogen  ;  one  litre  of  it  should  therefore 
weigh  (0-0899  x  14)  grammes. 

In  calculations  bearing  upon  the  weight  and  volume  of  gases, 
it  is  convenient  to  bear  in  mind  the  volume  occupied  (at  0°  0. 
and  760  m.m.)  by  a  gramme  of  hydrogen ;  this  is,  of  course, 

^      litres,  or  11-12  litres. 
0-0899 

The  volume  occupied  by  1  gramme  of  nitrogen  is  Q.Qggg  ^  14 
litres,  and  by  14  grammes  of  nitrogen  q-;^^ 

again  11-12  litres.  „  „f 

And  in  general,  the  volume  occupied  by  «  grammes  of  an 
elementary  gas,  when  x  is  the  atomic  weight  of  tlie  element,  is 
1112  litiTs  It  must  be  added  that  sometimes  a^r  is  taken  as 
the  standard  of  density  ;  air  is  14-383  times  as  heavy  as  hydrogen 
and  one  htre  of  air  at  standard  temperature  and  pressure  weighs 

"  TL'  —tion  Of  gases._Any  views  that  may  be  held 
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relating  to  the  constitution  of  gases  must  be  consistent  with  the 
following  observations — 

(1)  No  difference  in  physical   character  is  found  to  exist 
between  gases  that  are  elements  and  those  that  are  compounds 
In  either  case  they  expand  or  contract,  as  the  temperature  and 
pressure  vary,  in  accordance  with  the  laws  of  Charles  and  Boyle 
There  is,  indeed,  every  reason  to  believe  that  the  constitution  of 
simple  and  compound  gases  is  similar. 

(2)  That  the  smallest  portion  of  matter  attainable  by  any 
process  of  subdivision  or  capable  of  taking  part  in  a  chemical 
change  is  not  infinitely  small  (Dalton's  atomic  theory). 

(3)  Gay  Lussac  showed  that  when  gases  combine  together  they 
do  so  in  volumes  which  bear  a  simple  ratio  to  one  another  and  to 
that  of  the  product.  The  relative  volumes  which  do  so  combine 
are  also  found  to  be  represented  by  small  whole  numbers. 

Thus  actual  experiment  shows  that — 

2  vols,  of  hydrogen  and  1  vol.  of  oxygen  combine  to  form 

2  vols,  of  water  vapour. 

1  vol.  of  hydrogen  and  1  vol.  of  chlorine  combine  to  form 

2  vols,  of  hydrochloric  acid  gas. 

2  vols,  of  carbon  monoxide  and  1  vol.  of  oxygen  combine  to  form 

2  vols,  of  carbon  dioxide. 
1  vol.  of  nitrogen  and  3  vols,  of  hydrogen  combine  to  form 

2  vols,  of  ammonia. 

that  is 

.  ,       ,  ,      fl  vol.  of  hydrogen  and 
1  vol.  of  water  vapour  is  formed  from-f  n-r-irrrAn 

,    ,  .      .1  fin      hydrogen  and 

1         hydi-ocliloric  acid  ||  ^^^^^^ 

_    _  fl     ,,  ,,  carbon  monoxide  and 

1  „     carbon  dioxide       „       „  „  oxygen. 

fli    „  „  hydrogen  and 
1   „     ammonia  „       „    |  ^  ^.^^^^^ 

Hence,  for  instance,  whatever  the  smallest  particle  of  hydro- 
chloric acid  may  be,  it  contains  both  hydrogen  and  chlorine  in 
equal  volumes,  and  we  shall  have  to  assume  the  existence  of  still 
smaller  particles  of  these  elements. 
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Tliloe  striking  and  important  features  are  thus  evident — 
(a)  tliat  the  constitution  of  all  gases  is  similar  ; 
(6)  that  the  ultimate  particles  of  matter  have  actual  and 

delinite  dimensions  ; 
(c)  that  we  must  conceive  of  two  kinds  of  particles. 
Avogadro's  hypothesis  affords  an  explanation  that  is  consistent 
with  the  behaviour  of  simple  and  compound  gases,  and  at  the 
same  time  in  consonance  with  Dalton's  theory  of  the  indivisibility 
of  the  ultimate  particle  known  as  the  atom. 
Avogadro  recognized  two  kinds  of  ultimate  particles — 

(a)  the  ultimate  particle  which  can  exist  in  the  free  state,  as 
for  instance  the  smallest  particle  of  gaseous  hydrochloric 
acid.    This  we  term  the  molecule. 
(6)  the  ultimate  particle  which  is  capable  of  taking  part  in  a 
chemical  change,  or  capable  of  being  transferred  from 
one  chemical  compound  to  another,  as,  for  instance,  the 
hydrogen  or  the  chlorine  contained  in  the  molecule  of 
hydrochloric  acid.    This  we  term  the  atom. 
He  also  stated  the  hypothesis  that  eqxial  volumes  of  all  gases  at 
the  same  temperature  and  pressure  contain  the  same  number  of 
molecules,  hereby  afEording  a   reasonable  explanation   of  the 
similarity  in  physical  characters  exhibited  by  all  gases  whether 
they  are  simple  (i.  e.  elements)  or  compound. 

A  diagrammatic  method  of  representing  the  constitution  of 
gas(  S  may  serve  to  present  these  ideas  in  a  clearer  light. 

The  combination  of  hydrogen  with  chlorine  may  be  represented 
aa  shown  below,  where 

oo  represents  a  molecule  of  hydrogen. 

o        „       an  atom     „  „ 
M        ,,       a  molecule  of  chlorine. 
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Tho  volume  represented  is  such  as  to  be  that  occupied  by  nine 
molecules,  but  the  explanation   holds  equally  well  whatever 
number  of  molecules  might  be  taken. 
Also  representing  the  molecule  of  nitrogen  by 

hydrogen  by  Hg 
ammonia  by  NH3 
and  taking  for  equal  volumes  the  mean  space   occupied  by 
4  molecules 


>> 
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The  conception  of  the  constitution  of  simple  and  compound 
gases  indicated  in  these  diagrams  will  be  found  to  accord  with 
the  observations  of  Gay  Lussac,  and  the  hypothesis  of  Dalton  and 
Avogadro. 

In  the  gases  mentioned  above  it  has  been  assumed  that  the 
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molecule  consists  of  two  atoms,  and  though  as  a  ru^c  this 
assumption  is  borne  out  by  the  facts,  there  are  certain  ex- 
ceptional cases  in  ^vhich  it  does  not  hold.  Instances  of  this  are 
afforded  in  the  case  of  iodine  vapour  at  very  high  temperatures, 
m  winch  the  molecule  consists  of  mie  atom  ;  and  sulphur  vapour 
just  above  the  boiling  point  of  sulphur  (at  500°  C),  in  which  the 
molecule  consists  of  six  atoms. 

The  representation  of  these  cases  may  be  made  as  follow— 


Iodine  vapour  at  450"  C. 


•e     ••  D9 

9m      &9  99 


Iodine  vapour  at  1,600°  C. 


Sulphur  vapour  at  500»  C.  Sulphur  vapour  at  1,000°  0. 
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The  vapours  of  Eg,  Cd,  P,  and  As  are  other  examples  of 
abnormal  molecules,  but  the  treatment  of  these  is  postponed  to  a 
later  stage. 

The  molecular  weigM  of  gases. — In  speaking  of  the  density 
of  gases,  it  is  most  usual  to  adopt  that  of  hydrogen,  the  lightest 
of  gases,  as  the  standard  of  comparison,  and  to  designate  the 
density  of  hydrogen  as  unity.  The  density  of  gases  can  then  be 
determined  in  the  manner  described  at  the  beginning  of  this 
chapter.    It  will  be  found  from  actual  experiment  that 
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Hydrogen  being  taken  as  1*0  the  density  of 
nitrogen    is  14-0        oxygen  is  15*9 

chlorine     „  35-4        hydrogen  chloride  „  18-2 
ammonia   „   8'5        carbon  dioxide      „  22-0  and  bo  on. 
As  equal  volumes  of  the  respective  gases  contain  the  same 
number  of  molecules,  then  the  weight  of  the  molecule  must  be 
proportional  to  that  of  the  weight  of  equal  volumes  of  the  gases, 
i.e.  proportional  to  the  density. 

The  weight  of  the  atom  of  hydrogen  having  been  taken  as  1, 
the  molecule  H2  must  be  taken  as  2.  Hence  the  inolccular  weight 
of  the  other  gases  will  likewise  be  doubled — 

Molecular  weight  of  hydrogen  being  taken  as  2'0  that  of 
nitrogen  will  be  28'0    oxygen  will  be  31"8 

chlorine  ,,  „  70"8  hydrogen  chloride  ,,  „  36'4 
ammonia  „  „  17"0  carbon  dioxide  „  „  44*0  and  so  on. 
Determinatioii  of  Vapour  Density.— Where  the  sub- 
stance is  a  gas  the  vapour  density  may  be  determined  by  the 
method  already  described  (p.  1),  but  where  it  is  a  solid  or  liquid  at 
ordinary  temperatures  and  pressure,  it  must  be  vaporized  by  heat, 
and  the  comparison  is  then  most  conveniently  made  with  air  ;  and 
since  the  density  of  air  is  approximately  14*45  times  that  of 
hydrogen,  and  the  molecule  of  hydrogen  consists  of  two  atoms, 
we  have  the  expression 

Molecular  weight  =.  28-9  D 
where  D  is  the  density  of  the  gas  compared  with  air.  The  chief 
methods  employed  in  the  determination  of  the  density  at  higher 
temperatures  are  those  of  Dumas  and  Victor  Meyer. 
Dumas'  Method.— A  light  glass  bulb  of  about  200  c.c.  content 
is  drawn  out  to  a  fine  point  in  the  form  shown  in 
the  figure  and  weighed.  This  gives  the  weight 
of  the  bulb  (to)  filled  with  air,  temperature  and 
pressure  being  noted.  By  gently  warming  the 
bulb,  and  then  placing  the  orifice  beneath  the  sur- 
face of  the  liquid  whose  vapour  density  is  to  be 
determined,  and  allowing  the  bulb  to  cool  again,  a 
quantity  of  the  liquid  is  introduced.  This  should 
^  in  considerable  excess  of  that  required  to  fill 
the  whole  bulb  with  vapour,  as  it  is  necessary  to  ensure  the  air 
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being  expelled  from  the  bulb  in  the  process  of  volatilization; 
usually  5  to  10  cubic  centimetres  will  suffice.  The  bulb  is  now 
placed  in  a  bath  of  heated  liquid,  the  temperature  of  which  is  kept 
constant,  and  at  least  20°  above  that  of  the  boiling  point  of  the 
liquid  under  examination.  When  it  is  seen  that  the  whole  of  the 
liquid  has  been  transformed  into  vapour,  the  orifice  of  the  bulb  is 
sealed  at  the  blowpipe.  We  have  now,  presumably,  the  glass  bulb 
quite  filled  with  the  vapour  ;  after  cooling  and  carefully  cleaning, 
it  is  weighed.  This  gives  the  weight  of  the  bulb  (m;J  with  the 
vapour  required  to  fill  it  at  the  temperature  of  the  bath. 

A  small  portion  of  the  sealed  orifice  is  now  broken  off  under 
water ;  the  vapour  having  condensed,  the  water  rushes  in  and 
should  completely  fill  the  bulb.  It  is  then  wiped  dry  and  weighed 
again  along  with  the  piece  broken  off.  This  gives  the  weight  of 
the  bulb  {Wj)  filled  with  water. 

The  weiglit  of  1  c.c.  of  air  is 

0-001 29.3  X  27.3  x  p 
(273  +     X  760 

where  p  is  the  pressure  and  t  the  temperature  at  the  first  weigh- 
ing, and  that  of  1  c.c.  of  water  being  1  gramme,  the  relation  be- 
tween these  (approximately  is  known,  and  we  shall  represent 
it  by  R.  " 

Then  if  the  (unknown)  weight  of  the  vacuous  bulb  be  repre- 
sented by  W,  we  have 

«,  -  W  =  R  (w,/  -  W) 

from  which  W  =  ^_  j^^*^ 

We  are  now  in  a  position  to  ascertain  the  actual  weights  of  air 
and  the  vapour  in  the  bulb  by  deducting  the  weight  of  the  bulb 
%o  —  R'lo 

-i:  J—'  from  the  weighings  of  the  bulb  w  and  w.  respectively, 

1  —  K 

w  -  Rt£;„     {w„  -  to)  R        •  u*.  fv-v, 

thus : —  w  —  ~  ^  =  ^— ^  ^ —  =  weight  01  the  air, 

I  —  K  1  —  R 

w  —  Rw,/  _w,  —  w     {w„  —  v),)  R  =  weight  of  the 
and  ]^  _  \  —  B,  vapour. 

..When  .these  values  are  corrected  for  temperature  (the  pres- 
sure may  be  taken  as  not  varying  during  the  experiment)  the 
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density  of  the  vapour  (D)  as  compared  with  air  will  be  found 
to  be — 

to,-w  +  {w„  -  w)  R      273  + 
{xo„  -  w))  R  273  +  * 

where  t  is,  as  before,  the  temperature  at  the  first,  weighing,  and 
t,  the  temperature  of  the  bath. 

Several  minor  corrections  have  been  omitted  in  the  foregoing 
description,  but  they  aflFect  the  result  very  slightly,  and  it  must 
be  remembered  that  a  high  degree  of  accuracy  cannot  be  attained 
by  this  method,  and  is  indeed  unnecessary,  since  the  main  pur- 
pose in  view  is  to  decide  whether  the  molecular  weight  of  a  given 
substance  be  M  or  some  multiple  or  submultiple  of  M. 

Dumas'  method  cannot  be  used  at  any  temperature  approach- 
ing the  point  at  which  glass  begins  to  soften  (say  over  400°),  and 
is  thus  only  applicable  to  liquids  of  low  boihng  point. 

By  substituting  porcelain  or  metal  for  glass,  as  has  been  done 
by  Deville  and  Troost  and  others,  and  heating  the  bulb  in  the 
vapour  of  sulphur  (444°)  or  stannous  chloride  (606°)  or  other  sub- 
stances, the  method  is  more  widely  applicable  ;  by  means  of  a 
gas  furnace  a  temperature  of  1700°  has  been  attained  and  the 
vapour  density  of  some  metals  such  as  zinc,  cadmium  and  of 
many  salts  such  as  aluminium  chloride,  ferric  chloride,  etc.,  has 
been  determined.  There  is  no  essential  diflEerence  in  the 
nature  of  the  observations  to  be  made,  though  where  a  gas 
furnace  is  used,  some  means  must  be  adopted  for  regulating  and 
for  measuring  the  temperature  employed,  and  in  addition  to  this 
It  IS  desirable  to  replace  the  air  in  the  bulb  by  nitrogen  or  some 
inert  gas,  since  at  high  temperatures  oxygen  in  most  cases 
attacks  the  substance. 

Victor  Meyer's  method.-This  is  the  only  other  method  of 
importance  used  in  the  examination  of  inorganic  bodies  and  it 
possesses  the  advantage  of  being  applicable  over  a  considerable 
range  of  temperature  ;  it  is  also  easy  to  manipulate  and  the 
determmation  can  be  made  with  a  small  quantity  of  the  sub- 
stance. 

The  apparatus  is  represented  in  the  figure.    It  consists  of  a 

w^m      ^  "'"'^"^  ^PP^'-  P^^rt  and  then 

widened  agam  near  the  top  so  as  to  admit  an  india-rubber 
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Stopper,  the  whole  length  of  the  tube  being  600  m.m.   Near  the 
top  of  the  narrow  portion  there  is  a  side  tube  (be)  of  the  form 
shown    An  outer  jacket  of  copper  (d)  is  provided  of  about  the 
same  length  as  the  tube  ;  in  this  is  placed  a  quantity  of  water 
naphthalene  or  other  substance  suitable  for  heating  the  glass 


Fig.  3, 


bulb,  according  to  the  temperature  required  to  volatilize  the 
substance  under  examination,  the  bulb  being  so  placed  as  to 
leave  a  clear  space  round  it.  A  graduated  tube  (e)  is  filled  with 
water  and  inverted  over  the  end  of  the  side  tube.  The  cork 
being  inserted  in  its  place  the  jacket  is  heated  and  the  temperature 
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of  the  glass  tube  raised  in  this  way  to  that  of  the  vapour  of 
the  bath,  100°  (water)  or  217°  (naphthalene),  etc.,  as  the  case 
may  be.  Owing  to  the  expansion  of  the  air,  bubbles  pass  out 
into  the  graduated  tube. 

When  the  temperature  becomes  constant  the  bubbles  cease, 
and  the  cork  is  then  withdrawn  and  a  weighed  amount  (about 
0-1  to  0-2  grm.)  of  the  substance  in  a  small  bottle  or  bulb  is 
dropped  in*  and  the  cork  immediately  replaced.  If  the  experi- 
men  is  successful,  the  substance  will  be  very  rapidly  vaporized 
and  an  equivalent  volume  of  air  will  be  expelled  by  the  side  tube. 
This  is  carefully  measured  in  cubic  centimetres  and  the  tempera- 
ture (t)  and  pressure  (p)  of  the  room  at  the  time  is  noted.  Re- 
duced to  standard  temperature  and  pressure  this  will  give  the 
volume  which  the  vapour  would  occupy  at  standard  temperature 
and  pressure  thus — 

y      V  X  273  X  (p  -  s) 
^  (273  +  t)  X  760 

s  being  the  tension  of  aqueous  vapour  at  the  temperature  t. 
This  is  the  volume  occupied  by  the  weight  (w)  of  the  substance 
taken,  when  transformed  into  vapour,  and  it  is  easily  seen  that 
D  the  density  compared  with  air  will  be — 

D  =  

0-001293  V  ' 

as  compared  with  hydrogen  it  will  be — 


w 


0-0000896  V. 

Provided  only  that  the  temperature  of  the  jacket  is  constant  and 
suflBciently  high  to  ensure  rapid  vaporization  of  the  substance, 
the  actual  temperature  employed  need  not  be  known.  This 
will  be  clear  if  we  remember  that  the  volume  of  the  air 
which  is  actually  displaced  and  collected  at  the  graduated  tube  is 
at  the  temperature  of  the  room  ;  the  vapour  of  the  substance 
occupies  precisely  the  volume  which  this  air  would  have  oc- 
cupied at  the  temperature  of  volatilization.  We  have  therefore  the 

•A  little  sand  should  be  put  In  the  bottom  of  the  tube  to  prevent  it  beine  broken 
when  the  bulb  IS  dropiied  in,  also  a  device  may  be  used  by  which  the  sdbstnnce 
may  be  dropped  into  the  tube  without  removing  the  cork. 
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volume  which  the  vapour  would  occupy  if  it  could  be  collected  at 
the  temperature  of  the  room. 

When  it  is  required  to  determine  the  vapour  density  of  bodies 
which  require  a  very  high  temperature  to  vaporise  them,  a  plati- 
num vessel  must  be  substituted  for  the  glass  tube  and  a  gaa 
furnace  for  the  bunsen  burner. 


CONSTITUTION  OF  COMPOUNDS  IN  THE  GASEOUS 

CONDITION. 

The  inquiry  into  the  nature  and  constitution  of  the  molecule 
of  any  gaseous  compound  may  be  carried  out  along  several 
independent  lines. 

We  may  ascertain — 

(1)  the  vapour  density,  and  deduce  from  this  the  molecular 

weight ; 

(2)  the  products  formed  when  the  compound  is  dissociated  or 

decomposed  by  heat  or  other  agencies  ; 

(3)  the  steps  by  which  the  compound  may  be  synthesized  or 

built  up  either  from  its  elements  or  from  simpler  com- 
pounds ; 

(4)  the  behaviom-  of  the  compound  in  the  presence  of  suitable 

reagents. 

The  eflPect  of  heat.— If  a  compound  should  exist  at  ordinary 
temperatures  in  the  gaseous  condition, — or  if,  though  solid  or 
liquid,  it  may  be  transformed  into  the  gaseous  condition, — it  can 
easily  be  ascertained  whether  it  behaves  as  a  typical  gas  or  not. 
For,  then,  as  we  have  already  seen,  it  expands  regularly  and 
equally  with  each  equal  increment  of  temperature.  In  other 
words,  if  two  axes  are  drawn  at  right  angles,  and  along  one  is 
plotted  the  volume  occupied  by  the  gas,  and  along  the  other  its 
temperature  at  the  time  of  measurement,  the  line  passing  through 
all  the  points  so  determined  will  be  a  straight  line.  The  volume 
of  the  gas  at  0°  C.  being     its  volume  at  the  temperature  t  will  be 

t;(273+0 
273 

the  pressure  remaining  constant. 
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W 

Its  density  will  be  D  =  — 

where  W  =  the  weight  of  a  given  volume  of  the  gas,  and  o>  is 
the  weight  of  the  same  volume  of  hydrogen,  measured  under 
the  same  conditions  of  temperature  and  pressure.  Or  if,  as  is 
frequently  the  case,  air  be  used  instead  of  hydrogen  as  the 
medium  of  comparison,  and  the  density  be  then  found  equal  to  d, 
then  the  density  (D)  compared  with  hydrogen  is — 

D  =  14-45  d, 
and  the  molecular  weight  of  the  compound  will  be — 

2  D  or  28-9  d 

The  methods  by  which  the  vapour  density  (and  hence  the 
molecular  weight  of  a  compound)  is  determined  are  the  same  as 
those  already  described  in  Chapter  I.  of  this  book. 

Dissociation. — In  many  cases,  however,  as  the  temperature 
increases,  a  point  is  reached  at  which  the  volume  occupied  is 
greater  than  it  should  be  according  to  Charles'  law,  and  the 
density  .shows  a  corresponding  diminution.  For  instance,  stan- 
nous chloride,  if  it  be  of  the  composition  Sn2Cl4,  should  have  the 
vapour  density  188*8,  whilst  as  SnClj  its  vapour  density  would 
be  94"4.  It  boils  at  606°  C,  and  at  619°  its  vapour  density  was 
found  to  be  185*5,  corresponding  very  nearly  to  SnjCl^,  but  as 
higher  temperatures  were  employed  the  vapour  density  dimin- 
ished, till  at  800°  C.  it  was  104,  approaching  to  the  value'  for 
SnClj,  but  still  being  too  high  for  this. 

The  vapour  density  of  stannous  chloride  indicates  that  about 
the  boiling  point  its  molecule  is  Sn2Cl4,  at  higher  temperatures 
these  heavier  molecules  gradually  dissociate  into  SnClg,  but  at 
800°  G.  (and  even  at  1100°  C.)  the  complete  dissociation  into  the 
SnCIg  molecules  has  not  been  effected. 

Similarly,  nitrogen  tetroxide,  if  it  be  N2O4,  should  have  the 
vapour  density  45*95.  The  vapour  density  of  this  body  has  been 
determined  with  great  care,  and  the  values  obtained  are  given 
below  : — 

At  its  boiling  point  26*7°  D  =  38*30 
At  35*4°  „  =  36*56 
„    39*8°  „  =  35-25 
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At  49-6° 

32-80 

„  60*2° 

» 

= 

30-16 

„  70-0° 

>} 

= 

27-84 

„  80-6° 

26-01 

„  QO-O" 

» 

= 

24-85 

„  100-1° 

)> 

24-27 

111-3° 

») 

23-70 

„  121-5° 

» 

23-41 

„  135-0° 

I) 

2312 

About  140-0° 

22-98 

PoSn' NO  ^7^'^  corresponding  to  the  com- 

position NO2.  It  appears,  therefore,  that  at  about  140*  a 
aitrogen  tetroxide  is  fully  dissociated,  thus— 


NA    =    2  NO. 
1  molecule.      8  molecules. 
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Even  at  its  boiling  point,  the  density  is  much  lower  than  the 
46*95  required  by  the  formula  N2O4,  so  that  when  it  passes  into 
the  state  of  vapour  it  is  in  a  state  of  partial  dissociation. 

In  the  foregoing  diagram,  these  numbers  have  been  plotted  on  a 
curve  ABC,  and  it  will  be  evident  that  this  breaking  up  of  the 
N2O4  molecules  into  NOj  molecules  does  not  take  place  in  direct 
proportion  to  the  increase  of  temperature  ;  at  B  the  curve  is 
steepest,  showing  that  at  about  70°  C.  the  change  takes  place 
most  rapidly,  whilst  at  the  lower  temperatures  the  dissociation  is 
less  rapid,  as  shown  at  A ;  as  the  state  of  existence  as  NO2  is 
approached,  the  fall  is  also  much  less  marked.  So  far,  we  have 
regarded  dissociation  as  the  gradual  breaking  down  a  gas  com- 
posed of  complex  molecules  into  simpler  molecules ;  we  have 
seen  that  the  pressure  being  constant,  the  extent  to  which  this 
occurs  depends  on  the  temperature.  We  may  add  that  dissocia- 
tion curves  are,  as  a  rule,  similar  in  character  to  that  given  in 
the  above  figure,  showing,  at  the  earlier  and  later  stages,  a 
slower  transition,  and  midway  between  these  a  maximum  rate 
of  transition. 

Extent  of  dissociation.— From  the  observations  (assuming 
that  N2O4  and  NOj  are  the  only  products),  the  number  of  mole- 
cules of  each  of  these  may  be  calculated.  Let  there  be  at  the 
outset  100  molecules  N2O4,  and  of  these  at  a  given  temperature, 
say,  49-6°  C,  x  are  dissociated,  forming  2  x  molecules  of  NOg, 
and  leaving  (100  -  x)  undissociated  molecules  of  N2O4 ;  100 
N2O4  become  (100  -  x)  NjO^  +  2  a;  NOg. 

There  are  now  (100  +  x)  molecules  in  place  of  the  original 
100,  and  the  density  will  have  diminished  in  the  inverse 
proportion,  so 

at  49-6°  C.  -  32:1 

100  +  X  45-95 
from  which  we  calculate  x  =  40. 

At  49-6°  C,  therefore,  the  gas  consists  of— 
60  molecules  of  N2O4 
80        „  NO2. 
The  pressure  which  a  gas  exerts  on  the  walls  of  a  confined 
space  is  directly  proportional  to  the  volume  of  the  gas  (as  mea- 
sured under  standard  conditions)  which  is  introduced  into  that 
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space  by  means  of  pressure  ;  hence  instead  of  determining  the 
volume  occupied  by  the  gas  at  different  temperatures,  the  increase 
ot  pressure  may  be  measured,  and  the  volume  estimated  from 
this.  ^  This  method  of  procedure  is  very  frequently  adopted, 
especially  where  high  temperatures  have  to  be  employed. 

Dissociation  accompanied  by  chemical  change.— In  the 
cases  already  discussed,  the  changes  which  occur  as  the  temper- 
ature rises  are  reversed  as  the  temperature  falls  again,  the  NO 
molecules  again  gradually  reunite  to  form  N^O,  molecules,  so 
that  starting  at  140°  C.  with  200  molecules  of  NO2,  there  will  be 
agam  60  molecules  of  NgO,,  and  80  molecules  of  NO^  when  the 
temperature  has  fallen  to  49-6°  C.  The  process  may  be 
represented — 

N2O4  =  NO2  +  NO2  for  rising  temperature, 

NO2  +  NO2  =  N2O4  for  falling  temperature. 

Such  reversible  changes  may  conveniently  be  written   as  a 

general  equation — 

TSl^Oi^  N02  +  N0a. 
Many  compound  substances,  when  heated,  undergo  a  change 
of  composition  thus — 

2  Ag20  =  4  Ag  +  O2 

PClj      =  PCI3  +  CI2 

GaCOg   =  CaO  +  CO2. 
The  conditions  may  be  such  that  re-combination  takes  place  as 
the  temperature  is  lowered  ;  this,  though  not  always  possible,  is 
known  to  occur  in  the  last  two  cases — 

POlg    -h    CI2       =  PCI5 

CaO    -I-  CO2  =  CaCOa 

Dissociation  of  phosphorus  pentachloride.— The  pheno- 
mena observed  with  nitrogen  tetroxide,  in  regard  to'  molecules  of 
a  like  chemical  composition,  take  place  here  between  molecules 
of  an  unlike  composition,  and  are  likewise  classed  as  dissociation 
phenomena.  Thus  if  phosphorus  pentachloride  be  heated  in  a 
closed  tube  the  vapour  acquires  a  greenish  tinge  although  the 
vapour  of  phosphorus  pentachloride  itself  is  colourless.  This  is 
due  to  the  presence  of  free  chlorine.  On  cooling,  re-combination 
lakes  place  gradually  and  the  greenish  tinge  disappears. 

A  most  interesting  observation  was  made  by  Wurtz,  who 
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found  that  if  PClg  be  heated  in  an  atmosphere  of  eitlier  of  the 
products  of  dissociation,  viz.,  PCI3  or  Clg,  then  it  was  possible  to 
vaporize  the  PCI5  without  decomposition  occurring.  The 
effect  of  heating  phosphorus  pentachloride  alone  is  therefore  ex- 
pressed by — 

1  molecule  1  molecule  1  molecule 
PGlg   =    PCI3    +  CI2. 

Hence  the  vapour  density  was  indeed  found  to  be  52'6,  instead 
of  104  as  required  by  the  formula  PCI5. 

Heated  in  presence  of  PCI3  or  Gig,  the  vapour  density  was  104, 
corresponding  to  the  formula  PCI5. 

Dissociation  of  calcium  carbonate. — In  this  instance  we 
have  a  typical  case  of  the  dissociation  of  a  solid  substance 
(CaCOj)  into  the  solid  oxide  of  calcium  (CaO)  and  the  gaseous 
carbon  dioxide  (COj).  The  dissociation  tension  of  CaO  is  so 
small  that  it  may  be  neglected,  and  the  extent  of  the  dissociation 
may  be  measured  by  the  pressure  exerted  when  calcium  car- 
bonate is  heated  in  a  closed  space.  Le  Chatelier  has  determined 
this  pressure  at  various  temperatures  and  found  it — 


at  547°  C. 

27 

m.m.  of 

mercury, 

„  610°  C. 

46 

)) 

)> 

„  625°  C. 

56 

)» 

„  740°  C. 

255 

» 

„  745°  C. 

289 

»> 

„  810°  C. 

678 

» 

» 

„  812°  C. 

763 

„  865°  0. 

1333 

») 

» 

The  pressure  exerted  by  the  gas  at  each  temperature  is 
termed  the  dissociation  tension  for  that  temperature ;  thus  at 
812°  0.  the  dissociation  tension  is  763  m.m.  of  mercury, 
approximately  standard  atmospheric  pressure.  On  cooling,  re- 
combination of  the  CaO  and  COg  occurs  just  as  in  the  previous 
cases.  So  if  the  temperature  be  allowed  to  fall  from  810°  C.  to 
610°  C.  this  re-combination  takes  place  until  the  dissociation 
tension  46  m.m.,  corresponding  to  610°  C,  is  reached,  and  if  the. 
temperature  be  kept  at  this  point,  tliQ  dissociation  tension  will 
remain  at  46  m.m.    If  then  calcium  caibonate  be  heated  under 
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such  co7iditions  that  the  products  formed  remain  iti  contact,  the 
phenomena  observed  are  true  dissociation  phenomena.  In  tlie 
ordmary  process  of  lime  burning,  the  carbon  dioxide  is  continually 
passmg  oflE  and  ultimately  only  CaO  is  left;  here  we  have 
chemical  decomposition. 

Dissociation  of  Ammonium  Chloride. -That  ammonium 
chloride  when  heated  breaks  up  into  ammonia  and  hydrochloric 
acid  may  easily  be  shown  by  dropping  a  fragment  of  ammonium 
chloride  into  a  red  hot  platinum  crucible.    A  moistened  (red) 
litmus  paper  held  just  over  the  mouth  of  the  crucible  will  be 
turned  blue  owing  to  the  fact  that  the  ammonia  being  lighter 
rises  quicker  than  the  hydrochloric  acid  gas  and  at  a  little  height 
predominates  in  quantity  so  as  to  act  on  the  litmus  paper.  Or 
again  if  a  jar  of  ammonia  and  one  of  hydrochloric  acid  gas  be 
brought  together  mouth  to  mouth,  the  two  gases  rapidly  combine 
forming  a  fine  white  powder  consisting  of  ammonium  chloride. 
So  when  ammonium  chloride  is  heated  it  breaks  up  into  ammonia 
and  hydrochloric  acid  and  at  ordinary  temperatures  these  gases 
recombine  to  form  ammonium  chloride.    The  dissociation  may  be 
more  distinctly  shown  by  heating  a  little  ammonium  chloride  in  a 
glass  tube  closed  with  corks  through  which  passes  the  stem  of  a 
clay  pipe.    When  a  gentle  current  of  air  is  passed  through  the 
clay  pipe  and  directed  on  to  a  moistened  litmus  paper  it  will  be 
turned  blue,  since  the  lighter  gas  (ammonia)  difEuses  more  rapidly 
through  the  walls  of  the  porous  pipe. 

Other  cases  of  dissociation.— The  vapour  density  of  sul- 
phuric acid  is  only  one  half  of  what  it  should  be  as  calculated  from 
the  formula  HjSO^.  This  difference  is  due  to  the  fact  that  it  is 
dissociated  into  molecules  of  H2O  and  SO3.  If  some  of  the  acid 
is  heated  in  a  vessel  with  a  capillary  orifice,  the  water  vapour 
being  less  dense  than  the  SOs  vapour  diffuses  more  quickly  and 
the  acid  is  after  a  time  found  to  contain  an  excess  of  SO3. 

Sulphur  vapour  which  just  above  the  boiling  point  consists  of 
molecules  having  the  composition  Se  above  1000  C.  is  composed 
of  molecules  having  the  composition  Sj. 

Iodine  vapour  below  700°  consists  of  molecules  containing  two 
atoms  above  1500°,  the  molecules  are  monatomic. 
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DETERMINATION  OF  THE  COMPOSITION 
OF  GASES. 

Composition  of  sulphur  dioxide.— This  may  be  determined 
by  synthesis.  By  means  of  the  arrangement  shown  (Fig.  4),  a 
fragment  of  sulphur 
may  be  burnt  in  oxy- 
gen. The  sulphur  is 
fused  on  to  thin  plati- 
num wire,  and  ignited 
by  passing  an  electric 
current  along  the  wire 
by  which  the  wire  is 
heated.  The  apparatus 
and  the  oxygen  used  in 
the  experiment  must 
be  free  from  moisture. 
The  gas  in  the  globe  at 
first  expands  owing  to 
the  heat  of  combustion, 
and  forces  the  mercuiy 
up  the  further  limb,  but 
on  cooling  it  returns  to 
its  original  volume.  It 
is  seen  therefore  that 
during  the  combination 
of  sulphur  and  oxygen 
to  form  sulphur  dioxide  Fio.  4. 

no  alteration  in  volume 

occurs,  that  is  to  say  sulphur  dioxide  contains  its  own  volume 
of  oxygen.  It  follows  then  from  Avogadro's  hypothesis  that  one 
molecule  of  sulphur  dioxide  must  contain  one  molecule  of 
oxygen.  Further,  since  the  molecular  weight  of  the  gas  as  found 
by  experiment  is  64  the  composition,  according  to  the  method 
given  under  sulphuretted  hydrogen  (see  page  33),  must  be 
represented  by  the  formula  SOa. 
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The  composition  of  hydrochloric  acid.-Hydrochloric  aci.l 
may  be  decomposed  by  the  electric  current,  but  owing  to  the  fact 
that  chlorme  dissolves  in  the  liquid  to  a  considerable  extent  no 
satisfactory  proof  of  the  composition  of  hydrochloric  acid  can  be 
arrived  at  m  this  way.  If,  however,  the  decomposition  be  aUowed 
to  go  on  until  the  liquid  is  saturated  with  chlorine,  the  gases 
hydrogen  and  chlorine  are  given  o£E  in  the  proportions  in  which 
they  exist  in  hydrochloric  acid.  An  elegant  proof  of  the  com- 
position of  hydrochloric  acid  is  furnished  by  the  following  course 
ox  procedure. 

The  gases  hydrogen  and  chlorine  resulting  from  the  decom- 
position of  hydrochloric  acid  as  described  above  are  passed 
through  thin  glass  fculbs  kept  in  the  dark  untU  all  the  air  is 
displaced,  the  bulbs  are  then  sealed  off. 

If  the  drawn-out  point  of  one  of  the  bulbs  (protected  from  tlie 
action  of  the  light)  be  brouglit  under  a  solution  of  potassium 
iodide  and  broken  off,  the  liquid  wDl  gradually  rise  in  the  bulb, 
assuming  a  dark  brown  colour  due  to  the  Uberation  of  the  iodine 
by  the  chlorine  present, 

2KI-f  Cl3  =  2KCl  +  I,, 
and  the  whole  of  the  chlorine  will  be  taken  up.    The  hydrogen 
remaining  wiU  be  found  to  occupy  just  half  the  volume  of  the 
bulb.    Plydrochloric  acid  consists  therefore  of  equal  volumes  of 
hydi-ogen  and  chlorine. 

If  a  second  bulb  be  exposed  to  diffused  daylight  for  some 
hours.  The  hydi-ogen  and  chlorine  will  slowly  combine  to  form 
hydrochloric  acid.  If  the  point  of  the  bulb  be  now  broken  ofE 
under  mercury,  the  gas  will  be  found  to  occupy  the  same  volume 
as  it  did  before  combination  took  place,  but  when  dipped  into 
water  the  hydrochloric  acid  gas  will  be  absorbed  readily,  and  the 
water  wUl  fill  the  bulb. 

From  these  experiments  we  learn  that  one  volume  of  hydrogen 
combines  with  one  volume  of  chlorine  to  form  two  volumes  of 
hydrochloric  acid  gas. 

Composition  of  ammonia,— The  composition  of  ammonia 
may  be  determined  by  passing  the  gas  through  a  red-hot  tube 
containing  copper  oxide.     The  hydrogen  is  transformed  into 
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water,  which  may  he  collected  and  weighed  in  the  manner 
described  on  page  71,  and  the  volume  of  nitrogen  which  passes 
forward  may  also  be  ascertained. 

3  CuO  +  2  NH3  =  3  Cu  +  3  H2O  +  N3. 

The  volume  of  hydrogen  may  be  readily  calculated  from  the 
weight  of  water  obtained. 

A  second  method  depends  on  the  fact  that  when  electric  sparks 
are  passed  through  gaseous  ammonia  it  is  slowly  decomposed 
into  its  constituents.  Dry  ammonia  is  passed  into  a  eudiometer 
over  mercury,  and  its  volume  accurately  measured. 

The  sparks  are  then  passed  until  no  further  increase  in  volume 
occurs  ;  it  will  be  found  to  be  just  double  its  original  volume. 
If  now  excess  of  oxygen  be  passed  into  the  eudiometer  and  the 
spark  passed,  the  hydrogen  will  combine  with  it  and  form  water, 
which  condenses,  leaving  nitrogen  and  the  excess  of  oxygen 
added,  two-thirds  the  diminution  being  the  volume  of  hydrogen. 

This  method  is  not  very  accurate  owing  to  the  fact  that  some 
of  the  nitrogen  combines  with  oxygen,  forming  oxides  of  nitrogen. 
By  the  electrolysis  of  ammonia  it  may  however  be  shown  that 
the  volume  of  nitrogen  it  contains  is  one-third  that  of  the  hydro- 
gen. The  experiment  is  performed  in  the  following  manner. 
A  saturated  solution  of  common  salt  is  prepared,  and  to  this  is 
added  about  one-tenth  of  its  volume  of  strong  ammonia. 
The  solution  is  now  introduced  into  a  voltameter  fitted  with 
carbon  electrodes  and  submitted  to  the  action  of  the  cm-rent 
from  six  Bunsen  cells.  Nitrogen  collects  in  one  tube  and  hy- 
drogen in  the.  other,  and  the  volumes  will  be  found  to  be  in  the 
proportion  1  :  3.  .  .  _ 

Composition  of  nitric  oxide.— When  iron  is  heated  in  nitric 
oxide  in  comhines  with  the  oxygen  and  sets  free  the  nitrogen. 
The  gas  first  expands  by  the  heat,  and  the  iron'  when  it  burns 
takes  up  the  oxygen  from  the  nitric  oxide.  On  the  completion 
of  the  reaction  only  nitrogen  remains,  and  this  gas  wiU  be  found 
to  occupy  half  the  volume  of  the  original  gas.  Hence  one  mole- 
cule of  nitrk;  oxide  contains  one  atom  of  nitrogen,  and  its  formula 
will  be  NiO,.  To  determine  the  value  of  x  we  must  ascertain 
the  density  of  nitric  oxide  compared  with  hydrogen.    It  will  bo 
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found  to  be  fifteen  times  aa  heavy  as  hydrogen,  and  since  the 
hydrogen  molecule,  H,,  weighs  2,  the  molecule  of  nitric  oxide 
must  weigh  30,  that  is,  the  molecule  consists  of  NO. 

The  composition  of  carbon  monoxide  may  be  ascertained 
by  exploding  the  gas  in  a  eudiometer  along  with  oxygen.  It  will 
be  found  that  100  volumes  of  CO  and  100  volumes  of  oxygen  after 
explosion  show  a  contraction  to  150  volumes,  and  on  absorbing 
the  carbon  dioxide  formed,  by  means  of  potash,  50  volumes  of 
oxygen  wOl  remain.  Thus  100  volumes  of  carbon  monoxide  have 
united  with  50  volumes  of  oxygen  to  form  100  volumes  of  carbon 
dioxide,  according  to  the  equation — 

2CO  +  Os  =  2C02 

4  vols.  4  vols. 

Carbon  monoxide  is  fourteen  times  as  heavy  as  hydrogen,  and 
therefore  the  molecule  of  hydrogen  being  2,  that  of  carbon  mon- 
oxide is  28.  Its  composition  is  therefore  represented  by  the  for- 
mula CO. 

The  composition  of  carbon  dioxide  may  be  shown  by  a 
method  similar  to  that  employed  in  the  case  of  sulphur  dioxide. 
Thus  when  carbon  is  burnt  in  oxygen  no  change  of  volume  occurs, 
and  carbon  dioxide  is  therefore  said  to  contain  its  own  volume 
of  oxygen.  Moreover,  if  a  known  weight  of  diamond,  a  very 
pure  form  of  carbon,  be  burnt  in  oxygen,  and  the  carbon  dioxide 
formed  be  weighed,  the  relation  between  the  weight  of  carbon 
taken  and  that  of  carbon  dioxide  obtained  will  be  found  to  be 
12 : 44,  or  12  parts  by  weight  of  carbon  unite  with  32  parts  by 
weight  of  oxygen.  On  this  evidence  the  formula  for  carbon 
dioxide  must  be  CO3,  or  some  multiple  of  this.  But  as  the 
molecular  weight  of  carbon  dioxide  is  44,  the  composition  is  that 
represented  by  the  formula  CO2. 

Composition  of  Sulphuretted  Hydrogen.— Sulphuretted 
hydrogen  when  heated  either  alone  or  in  contact  with  metallic 
tin  yields  its  own  volume  of  hydrogen,  that  is,  the  hydrogen  set 
free  occupies  (under  the  same  conditions  of  temperature  and 
pressure)  the  same  volume  as  the  sulphuretted  hydrogen  from 
which  it  has  been  obtained. 

Now  according  to  the  hypothesis  of  Avogadro,  equal  volumes 
of  gases  under  like  conditions  of  temperature  and  pressure  con- 
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tain  the  same  number  of  molecules.    Hence  one  molectde  of  sul- 
phuretted hydrogen  yields  and  contains  one  molecule  of  hydrogen. 
As  yet  we  have  not  determined  the  number  of  atoms  of  sulphur 

in  the  gas.    Call  this  number  for  the  present  x,  and  so  

B^Sx  on  decomposition  =       +  Sx. 
We  have  a  ready  means  of  ascertaining  the  relation  of  the 
sulphur  to  the  sulphuretted  hydrogen  by  comparing  its  density 
with  that  of  hydrogen  and  determining  the  molecular  weight  of 
the  gas ;  this  we  find  to  be  34,  and  so- 
Molecular  weight  of  sulphuretted  hydrogen         ...  34 
"  >)      )>  hydrogen  contained  in  it      ...  2 

Weight  of  sulphur  in  the  molecule  by  difEerence  ...  32 
But  32  is  the  atomic  weight  of  sulphur,  hence  the  mole^le  of 
sulphuretted  hydrogen  contains  one  atom  of  sulphur— the  value 
of  X  IB  1,  and  the  equation  given  above  becomes— 

HgS  on  decomposition  =  Eg  +  S, 
and  the  composition  of  the  gas  is  represented  by  the  formula  H,S 
_  The  decomposition  of  sulphuretted  hydrogen  by  metallic  tin 
IS  represented  by  the  equation— 

2H3S   +   Sn    =   2H2      +  SnSa, 
Composition  of  nitrous  oxide.-The  composition  of  the  gas 
may  be  determined  by  the  combustion  of  potassium  in  it,  and  by 

an  estimation  of  its 
density,  the  proof  corre- 
sponding with  that  al- 
ready  given  in  previous 
cases.  The  potassium 
may  be  heated  in  the 
gas  as  shown  in  Fig.  5. 
It  will  be  found  to  con- 
tain its  own  volume  of 
nitrogen — 

2N2O  =  2N3  +  0^ 

4  volumes.   4  volumes. 
Or  it  may  be  mixed  with 
excess  of  hydrogen,  and 
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1  J  J  •  excess  0 

exploded  m  a  eudiometer,  when  the  reaction  is- 
N2O  +  H2  =  H2O  + 
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THE  ATOMIC  WEIGHTS  OF  THE  ELEMENTS. 

The  atomic  weigM  as  determined  by  direct  observations 
x>f  the  vapour  density  of  the  element.— It  has  already  been 
mentioned  that  some  of  the  elements  which  exist  at  ordinary  tem- 
peratures in  the  solid  or  liquid  condition,  may  he  vaporized  and 
the  density  of  the  vapour  determined  by  the  methods  previously 
described.  If  we  assume  that  the  molecule  of  the  vapour  consists 
of  two  atoms,  then  the  atomic  weight  may  be  arrived  at 
immediately  from  the  vapour  density.  In  the  previous  pages 
when  treating  of  the  non-metals  we  have  seen  that  such  an 
assumption  cannot  be  made  without  further  investigation,  for  in 
the  case  of  such  elements  as  arsenic,  phosphorus,  iodine,  and 
sulphur,  such  an  assumption  would  not  be  justified.  Indeed  the 
recently-discovered  bodies,  argon  and  helium,  though  they  exist  at 
ordinary  temperatures  in  the  gaseous  condition,  do  not  seem  to 
fall  in  with  the  assumption  that  their  molecules  consist  of  two 

atoms.  -u  •  1  I, 

We  shall  now  be  able  to  consider  the  evidence  on  which  the 
atomic  weights  are  based,  as  derived  from  the  behaviour  of  sub- 
stances which  cannot  be  volatilized.  The  generalizations  which 
are  to  be  drawn  under  this  section  apply,  therefore,  to  matter  m 
the  solid  or  liquid  condition.  One  most  important  physical 
property,  the  determination  of  which  assists  in  ascertaining  the 
true  atomic  weight,  is  specific  heat. 
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Specific  heat. — If  equal  masses  (say  50  grms.)  of  different 
metals  are  heated  to  the  same  temperature,  say  100°  0.,  and  if  each 
is  then  placed  separately  in  100  cc.  of  water  at  0°,  the  water  will 
not  be  raised  to  the  same  temperature  in  each  case,  for  some 
metals  require  more  heat  than  others  to  bring  them  to  a  given 
temperature  and  consequently  give  out  more  on  cooling  again. 

The  same  remark  applies  to  other  bodies  besides  metals.  The 
heat  evolved  by  unit  weight  of  a  large  number  of  gases,  liquids, 
and  solids  on  cooling  through  the  same  number  of  degrees  has 
been  determined,  and  it  has  been  found  that  water  gives  out  the 
most  heat ;  it  is  therefore  taken  as  standard,  and  other  bodies 
compared  with  it.  The  specific  heat  of  a  body  is  the  ratio  of  its 
thermal  capacity  to  that  of  water  taken  as  unit.    It  may  be 

^^nncn"'^.''^  ^  ^^'8'^*      ^^e  Substance,  usually 

at  100  G.,  m  a  known  weight  of  water  at  0°C.,  and  observing  the 
rise  in  temperature  produced  in  the  latter  when  the  substance  and 
liquid  have  the  same  temperatui-e.  In  the  case  of  gases,  the  gas 
at  a  constant  pressm-e  and  at  a  known  temperature  is  passed 
hrough  a  spiral  surrounded  by  cold  water  and  the  rise  in  tempera- 
ture of  the  water  is  noted.  ^ 

^'.f  °^         elements  as  related  to  atomic 

Snt  o7  ''''''''^         P^^i*  P^^biished  an 

account  of  a  large  number  of  determinations  of  the  specific  heat 
of  solid  bodies  particularly  metals,  and  drew  attention  to  Z  f 
hat  these  specific  heats  were  in  general  inversely  proportional  to 

tt :  rs  Tnf t'  r'r  ^^'^        -  ^ 

they  say,    the  mere  mspection  of  the  numbers  obtained  points  to 

nTef  aTa"rs"'rf  ''''''''''  at  0^"- 

eTtended  to"^  11  T     T'  ''^'^'P*^^^'        ^'^^  generalized  and 

quesjfon   which      ""'"^'^^  P^'^ducts  in 

question  which  express  the  capacities  for  heat  of  atom^  Z 

eimer  in  the  determination  of  capacities  fnr  h^.i-  • 
chemical  analvses  "   Tl,«,.        ^  ^^pac  ties  tor  heat  or  m  the 

the  generaSon  that ''Th    T  '^'^  observations 

cisefy  the  saXX  for\ttT  °'      ''''''  '''''' 
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The  adoption  of  this  generalization  by  chemists  led  to  the 
alteration  of  a  number  of  the  then-accepted  values  for  atomic 
weight.  This  of  course  was  followed  by  changes  in  the  formulae 
of  the  compounds  derived  from  these  elements.  In  all  instancesj 
however,  where  revision  has  taken  place,  the  effect  has  been  to 
bring  out  in  a  clearer  light  the  relations  which  the  elements  and 
their  compounds  show  to  one  another,  and  to  throw  them  into 
natural  groups,  in  which  striking  resemblances  are  shown  between 
the  members  of  the  same  group.  It  is  on  this  ground  that  the 
generalization  of  Dulong  and  Petit  has  appealed  so  strongly  to 
chemists.  In  the  following  table  we  give  the  atomic  weights 
and  specific  heats  of  a  number  of  the  commoner  elements,  and 
also  the  product  of  the  atomic  weight  multiplied  by  the  specific 
heat  (the  so-called  "atomic  heat"),  this  being  in  most  cases 
practically  a  constant,  whose  value  is  approximately  6"4. 


Atomic  weight. 

Specific  heat. 

A. 

c. 

A.O. 

Sodium 

23-0 

0-293 

6-7 

Magnesium 

24-0 

0-250 

6-0 

Aluminium 

27-0 

0-214 

6-8 

Phosphorus 

31-0 

0-174 

5-4 

Sulphur 

32-0 

0-178 

5-7 

Potassium 

39-0 

0-166 

6-5 

Calcium 

39-9 

0-170 

6-8 

Chromium 

52-4 

0-121 

6-3 

Manganese 

54-8 

0-122 

6-7 

Iron   

55-9 

0-114 

6-4 

Copper  

63-2 

0-095 

6-0 

Zinc   

65-1 

0-094 

6-1 

Arsenic 

74-9 

0-081 

6-1 

Bromine 

79-8 

0-084 

6-7 

Silver  

107-7 

0-057 

6-1 

Tin   

118-8 

0-055 

6-5 

Antimony 

119-6 

0-051 

6-1 

Iodine  

126-5 

0-054 

6-8 

Platinum 

194-3 

0-032 

6-3 

Gold   

196-7 

0-032 

6-4 

Mercury 

199-8 

0-032 

6-4 
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Atomic  weight.    Specific  heat. 

A.  C.  A.G. 

Lead    206-4         0-031  6-4 

Bismuth  ...  207-3  0*030  6-4 
Uranium        ...  239-0  0-028  6-7 

The  above  may  all  be  regarded  as  consistent  with  Uulong  and 
Petit's  generalization,  which  may  be  stated  thus  : — That  the 
atomic  weight  of  an  element,  multiplied  by  its  specific  heat,  is  a 
vahie  approximxtting  very  nearly  to  6 '4, 

There  are,  however,  notable  exceptions,  which  we  have  not 
yet  accounted  for ;  these  are — 

Carbon      ...  A.C.  =  1-8 


Hydrogen 
Boron 
Beryllium 
Silicon 
Oxygen 


„  =2-3 
„  =2-7 
=3-7 
„  =  3-8 
„   =  4-0 


Observations  made  by  Weber  in  1875,  on  the  behaviour  of 
carbon,  boron,  and  silicon,  have  shown  that  the  specific  heat 
of  these  elements  increases  as  the  temperature  rises,  and  at  a 
certain  limit  it  remains  almost  constant  through  a  considerable 
range  of  temperature,  thus : — 

from  800°  C.  to  980°  0.  A.O.  for  carbon  =  5-5 
at  600°  0.       „      boron    =  5-5 
from  130°  C.  to  230°  0.       „      silicon  =5-7 

Also  Humpidge  found  similarly  the  value  of  A.C.  for  beryllium 
to  be  5-6  at  400°  C.  to  500°  C. 

Finally,  it  must  be  remembered  that  the  generalization  of 
Dulong  and  Petit  is  not  to  be  used  as  a  means  of  ascertaining  or 
of  applying  corrections  to  the  atomic  weight  as  determined  from 
the  results  of  the  analysis  of  definite  compounds,  for  the  deo-ree 
of  accuracy  attainable  is  very  much  greater  in  the  latter  else 
What  It  does  enable  one  to  do  is  to  decide  between  certain  alterna- 
tive values,  all  of  which  satisfy  the  relations  deduced  from  analysis 

As  an  example  of  the  application  of  Dulong  and  Petit's  general- 
ization, let  us  refer  to  the  example  on  page  39,  where  an  examina- 
tion of  the  composition  and  vapour  density  of  a  chloride  of  tin  has 
led  to  the  acceptance  of  the  formulae  Sn.CU,  Sn^CL,  and  SnCl4  if 
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the  atomic  weight  of  tin  is  taken  as  29-3,  58-5  and  117-1 
respectively.  Dulong  and  Petit's  generalization  renders  it 
possible  to  decide  between  these  numbers. 

The  specific  heat  of  tin  has  been  found  to  be  0"056  and  the 
product 

A.C.  is  1*64,  if  29-3  be  accepted  as  the  atomic  weight 
„    „  3"28,  „    58'5  „ 
„    „  6-56,  „  117-1  „  ., 

It  is  evident,  therefore,  that  117-1  is  the  value  to  be  adopted, 
and  that  SnCU  is  the  proper  formula  for  the  chloride  of  tin. 
These  conclusions  having  been  drawn,  the  formulae  of  the  remain- 
ing salts  of  tin  are  easily  deduced. 

Specific  h.eat  of  compounds. — Some  years  after  Dulong  and 
Petit  had  announced  their  results,  Neumann  called  attention  to  the 
fact  that  the  product  of  the  specific  heat  x  the  atomic  weight  of 
compounds  was  practically  the  same  for  compounds  of  a  like 
character;  thus — 

for  PbClg  C.  =  0-0664  A.C.  =  18'4 
„  PbBrg  C.  =  0.0533  A.C.  =  19-6 
„   Pbig  C.  =  0.0427         A.O.  =  19-6 

So  for  Aragonite    CaCOg       C.  =  0-206       A.C.  =  20-6 
Strontianite  SrCOj        C.  =  0-145       A.C.  =  21-3 
Witherite    BaCOg       C.  =  0-109       A.C.  =  21-4 
Cerussite     PbCOg       C.  =  0-080       A.C.  =  21-3 
The  further  conclusion  drawn  from  these  facts  was  that  the 
specific  heat  remained  materially  the  same  whether  the  element 
were  in  the  free  state  or  in  combination.    The  product  A.C.  for 
lead  being  determined  directly,  and  found  to  be  6-4,  that  for 
the  haloid  elements  could  be  calculated  thus— 

for  chlorine  it  would  be  18-4  —  6-4  ^  g.^ 


2 

for  bromine 

»> 

19-6 

2 

6-4 

for  iodine 

»» 

19-6 

6-4 

=  6-6 
=  6-6 


2 

In  the  same  way  it  may  be  gathered  that  the  "  atomic  heat"  of 
CaCOg,  SrCOg,  BaCOj,  and  PbCOs  being  almost  identical,  that  of  Ga, 
Sr,  Ba,  and  Pb  are  also  almost  identical.    By  using  this  metliod, 
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it  is  possible  to  ascertain  the  "atomic  heat"  of  elements  like 
oxygen,  hydrogen  and  nitrogen,  which  would  present  extreme 
difficulty  in  the  way  of  direct  determination  in  the  solid,  or 
even  liquid,  condition. 

Tlie  determination  of  the  formula  of  a  compound.— 

The  compound  is  first  subjected  to  the  process  of  quantitative 
analysis  by  which  the  relative  proportions  of  the  constituent 
elements  are  ascertained.  Thus  stannic  chloride  was  found  to 
consist  of  tin  and  chlorine  in  the  proportions  : 

Tin        45'4  per  cent. 

Chlorine  54-6  „  „. 
Taking  it  as  established  that  the  atomic  weight  of  chlorine  is 
35'2,  let  us  examine  how  the  atomic  weight  of  tin  and  the 
formula  of  stannic  chloride  may  be  arrived  at.  Assuming  that  there 
are  an  equal  number  of  atoms  of  chlorine  and  tin  present  in  the 
compound  we  can  determine  the  atomic  weight  of  tin  thus : 

Chlorine  ^  =  1-551, 
and  X  being  the  atomic  weight  of  tin 

—  =  1-551, 

X 

X  =  29-27. 

And  this  would  be  the  case  if  the  accepted  formula  were  SnCl 
or  SnaCla,  or  SnjCls,  or  in  general  Sn„Cl„. 

Similarly,  assuming  that  there  are  two  atoms  of  chlorine  for  each 
atom  of  tin  we  shall  have  for  the  atomic  weight  of  tin  (a/)  : 

45  4 

^=0.775 
x' 

x'  =  51.54 

The  formulae  possible  under  this  assumption  would  be  SnClj 
SnaCli  or  in  general  Sn„Cl2„.  ' 

So,  assuming  three  atoms  of  chlorine  for  each  atom  of  tin  we 
should  have  for  the  atomic  weight  of  tin,  (a;")  : 


~  =  0.517 

x 


x"  =  87.81 

which  would  hold  for  SnCls,  Sn^Cle  or  in  general  Sn„Cl; 


3m- 
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Or  finally  assuming  four  atoms  of  chlorine  for  each  atom  of  tin 
we  have  for  the  atomic  weight  of  tin,  {x'")  : 

^  =  0.388 
x'"  =  117.08 

which  would  hold  for  SnCU,  SnaCls  or  in  general  Sn„Cl4„. 

All  that  we  are  able  to  decide  from  a  quantitative  analysis  of 
the  compound  is  that  if  the 

atomic  weight  is  29.27  the  formula  is  Sn„Cl„ 
„  „     58.54  „  Sn„Cl3„ 

»  ))     87.81  „  Sn„Cl3„ 

„   117.08  „  Sn,.Cl4,. 

Further  data  are  required  and  the  next  step  is  to  find  tlie  vapour 
density  of  the  compound.  This  proves  to  be  129  and  the 
molecular  weight  is  therefore  258. 

We  can  now  fix  the  value  of  n  in  the  above  table  and  thus 
reduce  the  alternative  formulae  to  SuiCU,  SuaCU,  Suij  CI4,  SnCU. 
The  third  of  these  is  excluded  as  inconsistent  with  the  atomic 
theory,  and  we  have  to  decide  between 

Sn^Cli,  atomic  weight  of  tin  =  29.27 
SnaCli,  „  „      =  58.54 

SnCL,,  „  „      =  117.08 

We  now  fall  back  as  previously  remarked  on  the  generalization 
of  Dulong  and  Petit  that  the  product  of  the  atomic  weight  and 
the  specific  heat  should  be  approximately  6.4. 

Electrolysis  as  a  means  of  determining  the  ''equiva- 
lent "  weight  of  the  elements,— If  a  strip  of  zinc  and  one 
of  platinum  be  placed  in  dilute  sulphuric  acid,  and  connected 
together  outside  the  liquid  by  metallic  wires  (say  platinum), 
a  current  of  electricity  will  be  transmitted  along  the  wires. 
No  change  of  composition  is  effected  thereby  in  the  wires  them- 
selves. If  we  connect  the  ends  of  the  wires  by  means  of  a  strip 
of  any  metal,  the  current  will  pass  through  it  also  without  effect- 
ing any  permanent  change. 

If,  however,  a  drop  of  sodium  sulphate  solution  be  placed  on 
litmus  paper,  and  the  ends  of  the  wires  be  brought  into  this, 
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but  not  into  contact  with  each  other,  it  will  be  found  that  near 
the  wire  which  is  connected  with  the  zinc,  the  paper  will  become 
blue  from  the  presence  of  alkali,  and  near  that  connected  with 
the  platinum  it  will  become  red  from  the  presence  of  acid.  Of 
bodies  which  conduct  a  current  of  electricity  we  therefore 
recognize  two  classes — 

(1)  those  which  conduct  electricity,  but  themselves  undergo 

no  change  of  composition  ;  they  are  termed  "  conductors." 

(2)  those  which  conduct  electricity  and  undergo  decomposi- 

tion;  they  are  termed  "electrolytes." 

To  the  former  class  belong  most  of  the  elements  ;  the  latter 
consists  of  compounds  either  in  the  fused  condition  or  in  solution 

The  solution  of  sodium  sulphate  in  the  foregoing  experiment  is 
an  electrolyte  and  is  decomposed  during  the  passage  of  the  electric 
current,  the  products  formed  in  presence  of  water  being  caustic 
soda,  which  turns  the  litmus  paper  blue,  and  sulphuric  acid  which 
turns  it  red. 

Such  a  process  of  decomposition  is  called  "electrolysis,"  and 
the  parts  of  the  wires  which  are  in  contact  with  the  electrolyte 
are  ermed  electrodes,  being  distinguished  as  the  positive  electrode 

,  f  P^^ti-"'"^       the  negative  electrode 

or    kathode    attached  to  the  zinc. 

The  phenomena  which  take  plac"e  during  electrolysis  are  usually 
of  a  complex  character.  For  instance,  there  is  ground  for  the 
assumption  that  sodium  sulphate  breaks  up  primarily  into 

on  r  r.f''^'"  -nnot  exist  in  prelncefUe; 

on  which  they  react  as  follows  :—  ' 

Naa  +  2  HjO  =  2  NaOH  +  H, 

.     SO,  +  H,0  =  H,SO,  +  0 

The  caustic  soda  and  the  sulphuric  acid  remain  in  the  linuid 

oxygen.  If  sulphate  of  copper  solution  be  electrolyzed  the 
cur™t.   If  tbe  same  current  were  passed  tl,rough  solutiol  S 
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different  salts,  then  the  amounts  of  the  elements  set  free  at  the 
electrode  always  showed  a  definite  relation  to  one  another. 

For  instance,  if  the  same  current  be  passed  through  (a) 
acidulated  water,  (b)  a  solution  of  silver  nitrate,  (c)  a  solution  of 
cupric  sulphate,  and  the  amount  of  hydrogen  liberated  by  (a)  = 
0-01038  grm.,  then  the  amount  of  silver  deposited  from  (6) 
was  1-118  grms.  and  of  copper  from  (c)  was  0*3281  grm. 

If  now  we  divide  the  values  for  (6)  and  (c)  by  that  for  hydrogen 
we  obtain — 

±™=  107-7  for  silver. 

OT)fig=  81-6  for  Copper. 

Such  numbers  may  be  termed  the  "Electrochemical  Equiva- 
lents." A  more  complete  list  is  given  in  the  following  table 
alongside  the  atomic  weights. 


Equivalent. 

Atomic 
"Weight. 

Potassium 

39  0 

39-0 

Sodium 

23-0 

23-0 

Gold 

65-4 

196-2 

Silver 

107-7 

107-7 

Copper 

31-6 

63-2 

Mercury 

99-9  and  199-8 

199-8 

Tin 

29-5  and  59-0 

118-0 

Iron 

28-0  and  56-0 

56-0 

Zinc 

32-5 

65-0 

Lead 

103-2 

206-4 

Oxygen 

Chlorine 

Bromine 

Iodine 

Nitrogen 

8-0 
35-4 
79-8 
126-5 

4-7 

16-0 
35-4 
79-8 
126-5 
14-0 

An  examination  of  the  table  shows — 

(1)  That  the  atomic  weight  is  either  equal  to  the  electro- 
chemical equivalent  or  some  multiple  of  it 

(2)  That,  in  some  cases,  the  same  element  gives  more  than 
one  value. 
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With  regard  to  the  first  point,  it  muat  be  remembered  that 
the  value  obtained  is  the  equivalent  as  related  to  hydrogen. 
And,  as  will  be  more  fully  explained  on  the  next  page,  if  we  look 
upon  the  salts  as  resulting  from  salts  of  hydrogen  (the  acids),  by 
replacement  of  the  hydrogen  by  metals,  then  in  case  of  some 
metals  the  atom  replaces  one  atom  of  hydrogen,  whilst  in  others 
it  may  replace  two,  three,  or  four  atoms  of  hydrogen. 

Metals  are  thus  classified  according  to  their  power  of  replacing 
hydrogen  as  monovalent,  divalent,  trivalent  and  tetravalent. 

The  equivalent  of  a  metal,  as  determined  from  its  replacement 
of  hydrogen,  is  therefore  equal  to 

Atomic  Weight      -     .,  107-7 

— ^^r-i  2 —  _  for  silver    =  1 07-7 

Valency  1  ' 

c  63-2 

for  copper  =  31-6 

^^  196-2 
for  gold     —3—=   65-4  and  so  on. 

These  numbers  are  the  same  as  those  determined  for  the 
electrochemical  equivalents. 

As  to  the  second  point,  viz.,  that  an  element  may  have  more 
than  one  equivalent,  there  is  again  a  parallel  in  the  replacement 
of  hydrogen.  The  three  metals  given  as  examples,  mercury,  tin 
and  iron,  each  form  two  independent  series  of  salts  j  to  take 
simply  the  chlorides  of  these  elements,  we  have  

Mercurous  cMoride  HgCl  Stannous  chloride  SnClg  Ferrous  chloride  FeCl„ 
Mercuric       „       HgCl^  Stannic         „     SnCl4  Ferric       ,  FeCi, 
1  atom  of  mercury  m  mercurous  salts  replaces  1  atom  of  hydrogen  in  Hn 
,  ...   ...  ^     mercuric  „      2  atoms 

\  atom  of  tin  m  stannous  salts  replaces  2 

„       „      stannic      „         „  4  " 

1  atom  of  iron  in  ferrous     „  2 

•>       ..       feme       „        „  3 

There  are  thus  two  equivalents  for  these  metals. 

For  mercury  199-8     ,  199-8 

—  and  — 

Tor  tin  118^^^  118 


2    ^  T 

For  iron          66     ,  56 

—  and  zz. 

2  3 
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And,  as  in  the  previous  case,  the  values  so  obtained  agree  with 
the  electrochemical  equivalent. 

The  atomic  weight  of  an  dement  is  thus  equal  to  the  electro- 
chemical equivalent,  as  determined  during  the  electrolysis  of  a 
compound,  multiplied  by  the  valency  of  the  element  in  the 
compound. 

The  replacement  of  hydrogen  by  other  elements. 

If  we  regard  the  acids  as  salts  of  hydrogen,  and  other  salts  as 
formed  by  replacing  hydrogen,  the  most  cursory  inspection  of 
the  formulae  of  a  series  of  salts  wiU  show  that  the  elements  diEEer 
in  respect  of  the  number  of  atoms  of  hydrogen  which  they 
replace.  For  instance,  we  have  the  formula  Na3S04  and  GaS04  ; 
in  the  former  each  atom  of  hydrogen  in  H2SO4  is  replaced  by  one 
atom  of  sodium,  in  the  latter  one  atom  of  calcium  replaces  two 
atoms  of  hydrogen.    Extending  the  examination  we  see  that — 

(1)  One  atom  of  Na  or  K  replaces  (Wie  atom  of  H. 

(2)  „     „     „  Cu,  Mg,  Ca,  &c.,  replaces  two  atoms  of  H. 

(3)  „     „     „  Al  replaces  three  atoms  of  H. 

A  similar  examination  of  other  series  of  salts,  such  as  the 
phosphates  or  carbonates,  will  lead  to  like  conclusions.  Moreover 
it  may  be  shown  by  actual  experiment  that  23  ^  grms.  of  Na  or 
39  grms.  of  K  will  liberate  from  water  one  gramme  of  hydrogen  ; 
63-2  grms.  of  Cu  or  24  grms.  of  Mg,  etc.,  will  liberate  two  grammes 
of  hydrogen;  27  grammes  of  Al  will  liberate  three  grammes 
of  hydrogen.  If  we  inquire  what  weight  of  these  metals  will 
liberate  equivalent  weights  of  hydrogen,  the  values  obtained 
with  sodium  and  potassium  will  be  proportional  to  the  atomic 
weight,  with  Cu,  Mg,  etc.,  proportional  to  half  the  atomic  weight, 
with  Al  proportional  to  one-third  the  atomic  weight.  Numbers 
in  such  relations  to  the  atomic  weight  are  termed  equivalent 
weights,  and  the  equivalent  weights  of  Na  and  K  are  23  and  39 
respectively,  in  other  words  atomic  weight  is  identical  with 
the  equivalent  weight;  these  elements  are  therefore  termed 
mmiovalent. 

The  equivalent  weights  of  Cu,  Mg,  etc.,  are  31-6,  12,  &c.,  and 
the  atomic  weight  is  double  the  equivalent  weight ;  these  elements 
are  therefore  termed  divalent.    The  equivalent  weight  of  Al  is  9, 
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and  the  atomic  weight  is  threefold  the  equivalent  weight ;  Al  is 
therefore  termed  trivalent. 

Regarding  the  acids  as  salts  of  hydrogen,  we  may  derive  the 
formulae  of  the  metallic  salts  by  replacing  hydrogen  according  to 
the  equivalency  of  the  metal  in  question  ;  thus — 

Nitric  acid,  HNO3  Nitrates,  KNO3,  Cu(N03)2,Al2(N03)6. 
Carbonic  acid,     HjCOg   Carbonates,  K2GO3,    KHCO3,  CuCOg, 

MgC03. 

Phosphoric  acid,  H3PO4   Phosphates,  K3PO4,  K2HPO4,  KH2PO4, 

Ca3(P04)2,  AIPO4. 


NUMERICAL  RELATIONS  BETWEEN  THE  ATOMIC 

WEIGHTS. 

Prout's  hjrpothesis. — In  the  early  part  of  the  century,  Prout 
found  from  an  examination  of  the  atomic  weights  of  the  elements 
as  then  known,  that  in  a  large  number  of  cases  they  were  repre- 
sented by  (vhole  numbers  or  values  approacliing  very  near  to 
whole  numbers. 

The  idea  that  all  matter  consists  merely  of  different  aggregates 
of  one  and  the  same  original  substance  had  possessed  philosophers 
for  many  centuries,  and  it  came  to  be  formulated  in  more  definite 
terras  by  Prout,  the  primary  substance  being  regarded  as  hydro- 
gen. The  degree  of  accuracy  to  be  attached  to  determinations  of 
atomic  weight  was  not  such  as  to  allow  the  hypothesis  to  be 
fully  tested. 

Stas  undertook  the  re-determination  of  a  number  of  atomic 
weights,  using  every  possible  precaution  to  ensure  accuracy,  in 
order  to  see  whether  they  were  really  represented  by  whole  num- 
bers. A  patient  and  thorough  investigation  convinced  him  that 
the  hypothesis  of  Prout  was  untenable. 

Dobereiner's  triads.— A  comparison  of  the  atomic  weights  of 
certain  groups  of  elements  by  Dobereiner,  Dumas  and  others,  led 
however  to  the  recognition  of  the  existence  of  certain  relations 
between  the  values  assigned  to  elements  of  the  same  chemical 
family. 

Dobereiner's  triads  were  groups  of  three  elements  of  similar 
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chemical  character  showing  the  same  or  nearly  the  same  differences 
of  atomic  weight — e.  g. — 


Atomic  weight. 


1    IT  r^i  n  m 

ijiinium 

1 

Sodium 

•  •  • 

Potassium 

•  •  •  9jxJ 

Calcium 

...  39-9 

Strontium  ... 

...  87-3 

Barium 

...  136-9 

Sulphur 

...  32 

Selenium 

...  78-9 

Tellurium 

...  125 

Chlorine 

...  35-4 

Bromine 

...  79-8 

Iodine 

...  126-5 

Other  relations  of  a  like  kind 


Common  difference. 

! 

)  47-4 
(  49-6 

)  46-9 
j  46-1 

)  44-4 
)  46-7 

were  pointed  out  by  Dumas  and 


others.  It  was  noticed  for  instance  that,  taking  a  group  of 
elements  belonging  to  the  same  chemical  family,  the  atomic 
weight  of  the  middle  member  was  the  mean  of  the  other  two. 
Also  that  in  such  families  the  successive  differences  are  approxi- 
mately multiples  of  a  common  factor — e.  g. — 


Magnesium. 
24 
=  a 
Oxygen. 
16 
=  a 


Calcium. 

40 
=  a  +  16 
Sulphur. 

32 

=  a  +  16 


Strontium. 
87-5 
=  a  +  4  (16) 
Selenium. 
79 

=  a  +  4  (16) 


Barium. 
137 
.-:  a  +  7(16) 
Tellurium. 
125 
=  a  +  7  (16) 


Such  considerations  led  to  a 
between  the  elements  and  the 
carbons — 

CH^        CgHe  C3H8 
16  30  44 


comparison  being  established 
homologous  series  of  hydro- 


C4H1Q 
58 


=  a  +  2  (14)    =  a  +  3  (14) 


72 

=  a  +  4  (14) 


=  a     =  a  +  14 
and  so  on. 

A  generalization  of  a  more  comprehensive  kind  was  however 
made  almost  simultaneously  by  Lothar  Meyer  and  by  Mendelejeff, 
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which  applied,  not  to  particular  groups  of  elements,  but  to  the 
whole  of  the  known  elements,  and  they  arranged  them  in  what  is 
called  the  periodic  system.  This  system  brought  out  not  only  the 
numerical  relations  of  the  atomic  weights  but  made  it  evident 
that  the  properties  of  the  elements  showed  a  similar  periodicity. 
That  is,  not  that  any  general  relation  could  be  established  be- 
tween the  atomic  value  and  these  properties,  but  that  the  elements 
fell  into  periods,  in  each  of  which  periods  there  was  shown  such  a 
relation.  Newlands  had  previously  expressed  this  in  an  incom- 
plete form,  but  it  was  reserved  to  Mendelejeflf  and  Lothar  Meyer 
to  give  to  it  its  full  development. 

The  following  table  gives  the  arrangement  of  Mendelejeff  in 
periods,  with  a  statement  of  the  atomic  weight — 


Series. 

Groups. 

1 

I 

H 
1 

Li 
7 

Na 

23 

K 

39 

Cu 
63-2 

Rb 
85-2 

Ag 
107-7 

Cs 
132-7 

II 

III 

IV 

V 

VI 

VII 

VIII 

2 
3 
4 
5 
6 
7 
8 
9 

Be 
9-1 
Mg 
24 
Ca 
40 
Zn 
65-1 
Sr 
87-3 
Cd 
111-7 
Ba 
136-9 

B 
10-9 

Al 

27 

Sc 

44 

Ga 
69-9 

Y 

89 

In 
113-6 

La 
138 

C 

12 

Si 

28 

Ti 

48 

Ge 
72-3 

Zr 
90-4 

Sn 

118-8 
Ce 
140 

N 
14 

P 
31 

V 
51 
As 
75 
Nb 
94 
Sb 
120 

0 
16 
S 
32 
Cr 

52-5 
Se 

78-9 
Mo 
96 
Te 

125 

F 

19 

CI 
35-4 
Mn 
54-8 

Br 
79-8 

I 

126-5 

Fe    Co  Ni 
56  58-6  58-6 

Ru     Rh  Pd 
103-5  104-1  105-5 

10 
11 
12 

Au 
196-7 

Hg 
199-8 

Yb 
172-6 
Tl 

203-7 

Pb 
206-4 
Th 
232 

Ta 
182 

Bi 
207-3 

W 
183-6 

U 

239 

Os     Ir  Pt 
191  192-5  194-3 
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In  this  table,  the  elements  are  written  in  the  order  of  their 
atomic  weights,  blanks  being  left  where  there  is  no  corresponding 
element  known.  Since  it  was  first  formulated  in  1869,  the 
elements  scandium  (Sc),  Gallium  (Ga),  and  Germanium  (Ge)  have 
been  discovered  and  are  inserted  in  their  proper  places. 

Numerical  Relations. — It  will  be  noticed  that  the  atomic 
weights  of  elements  occupying  successive  lines  differ  from  one 
another  by  numbers  which  do  not  vary  to  any  very  great  extent. 
In  Series  3  for  instance  the  successive  values  exceed  those  of 
Series  2  by  approximately  16  units,  whilst  the  members  of  Series 
5  exceed  those  of  Series  4  without  much  variation  by  about  25 
units.  Further  examination  will  reveal  many  such  regularities  in 
this  respect ;  the  relations  which  had  attracted  the  notice  of 
Dobereiner  and  Dumas  thus  find  a  fuller  expression  in  the  table 
than  these  chemists  had  already  given. 

Chemical  Character. — Running  the  eye  along  the  horizontal 
rows  or  series  one  after  another,  it  will  be  seen  that  the  differences 
of  chemical  character  are  strikingly  shown,  the  elements  whose 
oxides  are  distinctly  and  strongly  basic  occurring  on  the  extreme 
left,  whilst  those  like  the  haloid  elements  and  manganese,  form- 
ing acidic  oxides,  occupy  the  extreme  right.  Excluding  the 
consideration  of  Group  VIII.  for  the  present  there  is  also,  as  we 
pass  along  the  series,  a  gradual  transition  from  the  one  character 
to  the  other. 

If  we  now  examine  the  several  groups,  taking  each  vertical 
column  separately,  it  will  be  found  that  whilst  there  is  a  general 
resemblance  prevailing  throughout  the  group,  it  is  the  alternate 
members  which  exhibit  the  closest  analogy.  Thus  Li,  K,  Rb,  Cs  ; 
Be,  Ca,  Sr,  Ba ;  Mg,  Zn,  Cd,  Hg  ;  P,  As,  Sb,  Bi ;  S,  Se,  Te  ;  CI, 
Br,  I,  are  all  families  of  allied  elements  whilst  there  is  a  much 
less  striking  analogy  between  elements  in  juxtaposition,  such  as 
•Gu  and  Rb,  Ag  and  Cs,  S  and  Cr,  CI  and  Mn,  etc.  It  has  come  to 
be  recognized  that  as  expressive  of  close  relationship,  the  alter- 
native series  must  be  grouped  together.  For  the  purposes  of  com- 
parative study  of  the  elements  and  their  compounds  it  has,  there- 
fore, been  found  convenient  to  differentiate  the  series  into  the 
odd  'series,  those  indicated  in  the  table  by  an  odd  number,  and  the 
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even  series  indicated  by  an  even  number.  The  series  may  then  be 
written  in  separate  columns,-  thus  for — 


Group  1. 

Group  2. 

Group  3. 

Geoup  4, 

Odd. 

Even. 

Odd. 

Even. 

Odd. 

Even. 

Odd. 

Even. 

H 

Na 

Li 

Be 

B 

C 

Mg 

Al 

Si 

Cu 

K 

Zn 

Ca 

Ga 

Sc 

Ge 

Ti 

Ag 

Rb 

Cd 

Sr 

In 

Y 

Sn 

Zr 

Cs 

Ba 

La 

Ce 

Au 

Hg 

Tl 

Yb 

Pb 

Th 

Group  5. 

Grotjp  6. 

Group  7. 

Group  8. 

Odd. 

Even. 

Odd. 

Even. 

Odd. 

Even. 

P 

As 
Sb 

N 
V 

Nb 

S 

Se 
Te 

0 

Cr 
Mo 

CI 
Br 
I 

F 
Mn 

Fe.  Co.  Ni. 
Ru.  Rh.  Pd. 

Bi 

Ta 

W 

Os.  Ir.  Pt. 

U 

Valency.-The  signiHcance  of  this  term  has  already  been 

ADV.  CHEM.  -p 
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Stated  in  general  terms  (see  page  44).  The  valency  of  an 
element  may  usually  be  ascertained  from  a  determination  of  the 
composition  of  its  hydride  or  methide  i ;  where  no  such  compound 
exists,  then  the  most  stable  oxide  or  cliloride  may  be  made  use  of 
for  the  purpose. 

Thus,  regarding  hydrochloric  acid,  01 H,  as  the  hydride  of 
chlorine,  we  see  that  in  it  one  atom  of  chlorine  combines  with  one 
atom  of  hydrogen.  So  if  we  take  the  compounds  sulphuretted 
hydrogen,  SHj,  the  hydride  of  sulphur  and  chloride  of  sulphur, 
SClj,  we  find  troo  atoms  of  hydrogen  and  two  atoms  of  chlorine 
respectively  combining  with  one  atom  of  sulphur.  Or  again,  in 
the  hydride  and  chloride  of  arsenic,  AsHj  and  AsClg,  we  have 
three  atoms  of  hydrogen  and  three  atoms  of  chlorine  combining 
with  one  atom  of  arsenic.  Finally  in  the  hydride  of  carbon 
(marsh  gas)  and  chloride  of  carbon,  CH^  and  CCI4,  we  have  four 
atoms  of  hydrogen  and  /our  atoms  of  chlorine  combining  with 
one  atom  of  carbon.  Nor  can  the  atom  of  chlorine,  sulphur,  arsenic 
and  carbon  be  made  to  combine  with  more  than  1,  2,  3  and  4 
atoms  of  hydrogen  respectively  to  form  stable  and  definite  com- 
pounds. They  are  fully  satisfied  or  satwated,  and  the  compounds 
above  spoken  of  are  termed  saturated  compounds. 

Now  it  has  been  experimentally  shown  that  a  measure  of  the 
chemical  attraction  or  affinity  exerted  between  two  elements  is 
afforded  by  the  heat  developed  during  their  union.  We  must 
however  carefully  avoid  the  confusion  of  chemical  aifinity  with 
valency.  Valency  is  a  property  quite  independent  of  affinity 
and  peculiar  to  the  individual  elements.  That  arsenic  requires 
three  atoms  of  chlorine  to  form  a  saturated  compound  whilst 
sulphur  is  satisfied  with  two  and  hydrogen  with  one,  by  no  means 
indicates  that  the  affinity  of  arsenic  for  chlorine  is  greater  than 
that  of  sulphur  or  hydrogen.  Indeed  in  the  majority  of  cases  the 
opposite  might  be  stated,  namely,  that  the  elements  of  greater 
activity  which  exhibit  chemical  affinity  in  the  highest  degree 
have  the  lowest  valency,  whilst  inert  bodies  such  as  the  elements 
in  Groups  IV.  and  VIII.  often  have  the  highest  valency. 


1  The  methide  is  a  compound  of  the  element  with  one  or  more  groups  of  the 
radical  CHs,  and  may  in  general  be  derived  from  the  hydride  by  substituting  CH3 
for  H. 
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But  now  let  iis  proceed  to  inquire  how  the  valency  of  an  ele- 
ment is  arrived  at.    We  have  seen  that  hydrogen  and  chlorine 
are  equivalent  to  one  another,  in  regard  to  the  number  of  atoms 
requisite  to  saturate  other  elements.     Whatever  their  valency 
may  be  it  is  the  same  for  both.    A  number  of  other  elements 
agree  with  hydrogen  and  chlorine  in  this  respect,  but  we  know  of 
no  element  which  possesses  a  lower  valency ;  that  is,  in  no  in- 
stance is  it  found  that  two  or  more  atoms  of  any  element  com- 
bine with  one  atom  of  hydrogen  to  form  a  definite  and  stable 
compound.     Hydrogen,  chlorine  and  such  elements  as  behave  in 
the  same  way,  may  therefore  be  used  as  a  kind  of  unit  measure  of 
valency,  and  are  termed  monovalent  or  monad  elements.  An 
element  like  sulphur  which  requires  two  atoms  of  hydrogen  to 
saturate  it,  or  which  replaces  two  atoms  of  hydrogen,  is  divalent 
or  a  dyad  element,  and  similarly  arsenic  and  carbon  are  trivalent 
and  tetravalent  respectively,  or  triad  and  tetrad  elements.  We 
now  see  why  the  hydride  (or  the  nearly  related  methide)  and 
chloride  are  by  preference  used  as  means  of  determining  valency 
Oxygen,  as  indicated  by  the  formula  for  water,  HgO,  is  divalent^ 
and  where  the  oxide  is  used  as  a  means  of  estimating  valency 
this  must  be  borne  in  mind.    Marsh  gas,  CH„  for  instance,  points 
to  carbon  as  being  tetravalent,  and  just  as  much  does  COg  (each 
atom  of  oxygen  being  equivalent  to  two  of  hydrogen)  indicate 
the  tetravalency  of  carbon. 

^  In  the  table  given  on  p.  52,  the  valency  of  each  of  the  elements 
is  shown  by  the  formula  of  a  stable  Jiydride  or  methide,  or  failing 
these  a  chloride  or  oxide. 

Reviewing  the  compounds  mentioned,  we  cannot  fail  to  be 
struck  with  the  periodic  relation  which  occurs  between  valency 
and  atomic  weight.    In  ^eneraUhe  members  of— 
Group  I      are  Monovalent. 
1)     II       „  Divalent 
HI     „  Trivalent. 
»     IV      „  Tetravalent. 
»     V       „  Pentavalent  or  Trivalent 

VI  „  Hexavalent  or  Divalent 

VII  „  Heptavalent  or  Monovalent. 

VIII  „  Octovalent  to  Divalent. 
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There  are,  however,  compounds  which  prove  exceptions  to  this 
general  statement,  and  no  complete  expression  of  valency  can 
be  given  without  looking  further  into  the  constitution  of  chemical 
compounds.  If  our  desire  be  merely  to  render  an  account  of  this 
subject  for  gaseous  compounds  or  compounds  which  can  be 
obtained  without  decomposition  in  the  gaseous  condition,  and 
whose  constitution  is  therefore  more  fully  understood,  then  the 
task  of  assigning  valency  values  is  a  simple  one, 

A  full  appreciation  of  the  subject  cannot,  however,  be  gained 
without  making  a  further  inquiry  as  to  how  the  atoms  are 
mutually  arranged,  and  in  what  relation  they  stand  to  one  an- 
other- in  the  compound.  In  order  to  do  this,  a  symbolic  method 
of  representing  formula  has  been  widely  adopted  amongst 
chemists,  which  serves  to  give  expression  not  only  to  the  pro- 
portions in  which  the  elements  combine,  but  also  to  the  dis- 
tribution of  the  atoms  within  the  molecule  and  mode  of  their 
attachment  to  one  another. 

Graphic  formulas  of  volatile  compounds.— The  constitu- 
tion and  structure  of  the  molecule,  so  far  as  it  is  known,  may  be 
represented  in  the  following  manner.  The  valency  is  indicated 
by  means  of  lines  in  proximity  to  the  symbol. 

The  molecule  of  hydrogen  is  H— H,  the  atom  H— 
»       „  oxygen  is    0=0,      „        0=  or  — 0— 

"       '»  nitrogen  is  N=N,      „       N=  or  V 

I 

or  N=N,      „      =N=  or-N— 

These  lines  are  merely  symbols  expressive  of  valency  and  may 
be  drawn  m  any  convenient  position.  Instances  of  their  use  in 
representmg  compounds  are  :  

Marsh  gas.      Water.      Carbon  dioxide.  Ammonia. 

f  H  H 

II-.^-H   H-O-U         0=0=0  V 


H 


II 
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Nitrogen  pentoxide.  Phosphorus  oxychloride. 

0  0 

II  II  /CI 

N— 0— N  0  =  P— CI 

II  II  \C1 

0  0 

Unsaturated,  compounds. — There  are  certain  compounds  in 
which  the  valency  is  not  exercised  to  the  full  extent ;  these  are 
termed  nmsaturated  compounds.  For  instance,  though  in  the  large 
majority  of  carbon  compounds  (as  in  marsh  gas)  carbon  is  tetra- 
valent  and  associated  with  four  atoms  of  hydrogen,  in  ethylene 
each  atom  of  carbon  is  associated  with  two  atoms  of  hydrogen 
only  and  in  acetylene  with  one.    Thus — 

H— C— H  C— H 

n  III 

H_C— H  C— H 

Ethylene.  Acetylene. 
It  is  assumed  in  such  cases  that  certain  valencies  are  suppressed 
or  latent,  the  combining  power  remaining  with  the  carbon  atoms. 

A  very  limited  number  of  compounds  occur  in  which  this  takes 
place  even  though  they  contain  only  one  atom  of  the  element 
showing  latent  valency,  e.  g. — 

=C=0  — N=0 

Carbon  monoxide.  Nitric  oxide. 

Such  bodies  are  usually  characterized  by  the  ease  with  which 
they  enter  into  further  combination  with  elements  or  groups  of 
elements  to  form  saturated  compounds.  Ethylene  in  presence  of 
chlorine  readily  forms  ethylene  dichloride  (C2H4CI2),  and 
acetylene  forms  copper  acetylide  (CaHjCugO),  whilst  carbon 
monoxide  unites  directly  with  chlorine  to  form  phosgene  gas 
(COCI2),  and  with  nickel  to  form  nickel  carbouyl  Ni(C0)4,  and 
nitric  oxide  enters  readily  into  association  with  ferrous  salts 
and  with  chlorine,  in  the  latter  case  forming  nitrosyl  chloride, 
NOCl. 

Valency  in  solid  compounds.— In  the  case  of  compounds 
which  cannot  be  obtained  in  the  state  of  vapour,  there  is  of  course 
much  less  known  as  to  the  actual  constitution  of  the  molecule, 
and  very  great  uncertainty  attaches  to  any  attempt  at  repre- 
senting the  arrangement  of  the  atoms  composing  the  molecule. 
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And  it  is  here  in  particular  that  the  most  embarrassing  problems 
arise  relating  to  valency.  If  iodine  and  chlorine  are  both  mono- 
valent how,  for  instance,  are  we  to  regard  such  a  body  as  tri- 
chloride of  iodine,  ICI3,  or  periodic  acid,  HIO4,  or  perchloric  acid, 
HCIO4  ?  To  take  IClg  first ;  it  is  possible  to  look  upon  it  as  a 
compound  of  the  same  nature  as  ICl,  in  which  case  however 
iodine  must  be  trivalent  and  the  graphic  formula — 

CI  01 

\  / 
I 

d, 

or  it  may  be  regarded  as  a  moleculcur  compound  of  a  molecule  of 
IGl  and  a  molecule  of  chlorine,  Gig.  Under  such  an  assumption, 
we  could  write  it — 

I— Cl.CI— 01. 

So,  to  take  a  more  complex  case  of  wide  application,  it  may  be 
asked  what  relation  water  of  crystallization  bears  to  the  salt  to 
which  it  is  attached— e.  g.  in  copper  sulphate  OuSO^.SHgG,  or  the 
alums,  such  as  K2S04.A123S04.24H20  ?  Further  than  this, 
how  can  the  very  numerous  and  important  class  of  bodies  the 
silicates  be  represented  ?  Although  it  is  possible  to  express  even 
such  complex  forms  in  a  manner  that  will  not  do  violence  to  the 
views  of  valency,  as  deduced  from  compounds  of  known  constitu- 
tion, it  cannot  be  said  that  such  representations  throw  additional 
light  upon  the  structure  of  the  molecule. 

The  consideration  of  such  compounds  as  HIO4  and  HOIQ^  will 
however  serve  to  show  that  there  are  grounds  for  the  belief  that 
some  elements  possess  a  higher  valency  in  molecules  of  a  complex 
nature  than  they  do  in  molecules  of  a  simple  nature.  The  series 
of  compounds  KOI,  KCIO,  KOIO^,  KCIO3,  KCIO4  may  be 
graphically  written — 

Potassium  chloride  K  Cl 

„       hypochlorite  K— 0— 01 

„       chlorite  K— 0—0— 01 

„       chlorate  K— 0—0— 0—01 

orthusi:-   "       P^^-^^lo'-ate  K-O-O-O-O-Cl 

SoVi':\:J)%T^^^^^^^^  -       acceptance  of  the  formula  K^O.Cl^O, 
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Potaseium  chloride  K — 01 

„       Lypochloiite    K — 0 — 01 
„       chlorite  K— 0—01  =  0 

0 

// 

„       chlorate         K— 0— 01 

W 
0 

0 

// 

„       perchlorate     K — 0 — 01  =  0 

\ 
0 

Experience  shows  that  where  elements  are  linked  together  in 

series,  the  longer  the  series  and  the  smaller  is  the  stability  of  the 

compound,  whereas  KOIO4  is  in  reality  more  stable  than  KOIO3, 

and  KOIO3  than  KOlOg.    This  argument  tells  against  the  former 

method  of  representation,  and  for  this  reason,  and  also  on  other 

grounds,  the  second  method  is  to  be  preferred.   Hence  we  are  led 

to  accept  the  higher  valency  of  chlorine  and  admit  that,  in 

potassium  perchlorate,  chlorine  is  heptavalent.     Iodine  under 

similar  circumstances  would  be  also  heptavalent,  and  we  should 

represent  HOIO4  and  HIO4  graphically  thus — 

0  0 

//  // 
H— 0— 01 = 0  H— 0— I = 0 

0  0 

Prediction  of  elements  and  their  properties. — There  is 
always  a  very  considerable  resemblance  in  properties  between  a 
given  element  and  the  elements  in  the  next  line  but  one  above 
and  below  it  and  also  those  immediately  adjacent  on  the  left  and 
right  of  it.  Approximately,  the  properties  of  the  element  are  the 
mean  of  those  of  the  four  others  which  lie  near  it  as  described. 

—  M  — 

PXQ 

—  N  — 

If  in  the  above  scheme  M  N  P  Q  are  elements  whose  properties 
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are  already  known,  and  X  is  an  element  not  yet  isolated,  the 
atomic  weight,  atomic  volume,  valency,  melting  point  and  other 
properties  of  tliis  element,  and  even  the  composition,  stability  and 
general  character  of  its  compounds,  may  be  predicted. 

In  this  way  Mendelejeff  predicted  the  properties  of  Eka-boron, 
Eka-aluminium  and  Eka-silicon,  at  that  time  unknown,  but  since 
isolated  and  called  Scandium,  Gallium  and  Germanium  respect- 
ively. The  correspondence  between  the  properties  as  foretold 
and  as  realized  is  very  close  indeed.  We  see,  then,  that  the 
periodic  system  is  an  aid  towards  the  discovery  of  new  elements, 
for  it  is  able  to  foreshadow  their  properties  and  thus  suggest  the 
means  to  be  adopted  in  their  isolation. 


CHAPTER  III. 


WATER,   HYDROGEN  PEROXIDE,  OZONE, 
THE  ATMOSPHERE. 

Physical  properties  of  water.— Water  occurs  not  only  in 
the  liquid  form,  but  also  in  the  solid  form,  as  ice  or  snow,  and  in 
the  gaseous  form,  as  water  vapour  or  steam.  Below  0°  C.  it 
takes  the  solid  form,  and  above  100°  C,  at  standard  pressure.!  it 
passes  into  steam ;  but  at  lower  temperatures,  however,  water 
evaporates  slowly  into  the  air,  and  even  in  the  solid  con- 
dition, as  snow  and  ice,  evaporation  goes  on,  though  still  more 
slowly.  Water  possesses  a  high  specific  heat,  and  is  adopted 
as  the  unit  with  which  other  bodies  are  compared ;  ice  has  the 
specific  heat  0'5,  and  steam  0"48. 

Changes  of  volume  of  water  at  diflferent  tempera- 
tures.— When  ice  melts,  the  water  which  it  forms  is  smaller  in 
volume  by  nearly  10  per  cent,  than  the  ice  from  which  it  is 
formed.  Also,  as  the  temperature  rises  from  0  to  4°  C.  a  further 
contraction,  amounting  however  only  to  about  tStt  per  cent,  occurs. 
At  4°  C.  water  has  its  maximum  density  (and  hence  smallest 
volume),  and  above  this  it  expands  again  as  the  temperature 
rises,  until  at  100°  C.  it  occupies  a  volume  rather  over  4  per  cent, 
greater  than  that  at  its  maximum  density.  Water  vapour  has 
i-jVir  the  density  of  liquid  water,  and  the  volume  of  steam  at  100° 
is  nearly  1,700  times  that  of  the  water  from  which  it  is  formed. 

1  For  further  Information  concerning  the  tension  of  water-vajwur  and  the 
boiling-point  of  water  consult  text-books  on  physics. 
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Latent  heat  of  water  and  of  steam. — When  heat  is  imparted 
to  ice  it  melts,  but  the  thermometer  continues  to  record  0°  C. 
until  the  whole  of  the  ice  is  melted,  and  when  water  is  boiled  the 
temperature  of  the  water  remains  at  100°  C,  until  it  is  wholly 
transformed  into  steam  ;  moreover,  the  steam  resulting  also  shows 
the  temperature  of  100°  C.  Although  heat  is  being  continually 
imparted  to  the  ice  or  water,  as  the  case  may  be,  the  thermometer 
records  no  increment  of  temperature.  This  heat  is  termed  latent, 
for  although  it  is  undoubtedly  communicated  to  the  ice  or  water, 
it  is  unrecognized  by  the  thermometer.  The  following  ex- 
periments will  afford  convincing  evidence  on  this  point. 

If  100  c.c.  of  water  at  0°  C.  are  mixed  with  100  c.c.  of  water 
at  80°  C.**  stirred  quickly  together,  the  temperature  of  the  result- 
ing 200  c.c.  of  water  will  be  found  to  be  40°  C.  (or  rather  less,  in 
point  of  fact,  owing  to  radiation  of  heat  during  the  experiment). 
If  100  grammes  of  snow  or  powdered  ice  are  mixed  with  100  c.c, 
of  water  at  80°  C.  ;  the  snow  will  just  all  melt,  and  the  result  will 
be  200  c.c.  of  water  at  0°  C. 

In  order  to  compare  the  results  of  these  two  experiments,  we 
must  adopt  a  unit  of  heat ;  this  is  defined  as  that  amount  of  heat 
which  will  raise  one  gramme  of  water  1°  C.  in  temperature,  and  it 
is  termed  a  calorie.  Since  in  the  former  experiment  we  have  as 
an  end  result  200  grammes  of  water  at  40°  C,  and  in  the  latter 
200  grammes  at  0°  C,  there  is  a  difference  of  8,000  calories  in  the 
results  as  recorded  by  the  thermometer.  This  amount  represents 
the  latent  heat  of  fusion  of  100  grammes  of  water  in  the  solid 
state  (snow),  and  for  one  gramme  the  value  would  be  80.  That 
is  to  say,  that  as  much  heat  is  needed  to  melt  one  gramme  of  ice 
or  snow  as  would  raise  one  gramme  of  water  from  0°  C.  to  80°  C. 

This  property  is  not  peculiar  to  water,  for,  as  a  rule,  when  a 
change  of  pliysical  condition  occurs  in  any  substance  by  the 
passage  from  the  solid  to  the  liquid  state,  similar  phenomena  can 
be  observed.  Frequent  instances  of  it  occur  when  salts,  such 
as  ammonium  nitrate,  calcium  chloride,  etc.,  are  dissolved  in 
water. 

Of  ^li^&Xt  ftL°^^^^^^^^^  -P^'^-ta  may  be  n.ade 
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When  the  cliange  takes  place  in  the  inverse  manner,  i.  e.  the 
passage  from  liquid  to  solid  state,  heat  is  given  out  equal  in 
amount  to  that  which,  in  the  former  case,  had  been  rendered 
latent,  and  indeed  the  latent  heat  of  steam  is  most  readily  ascer- 
tained by  determining  in  this  way  the  heat  given  out  on  the 
condensation  of  steam. 

Similarly,  the  conversion  of  other  liquids  into  vapour  is  accom- 
panied by  a  large  absorption  of  heat;  a  few  drops  of  ether  placed 
on  the  hand  quickly  evaporate  and  give  rise  to  a  sensation  of 
great  cold,  the  heat  requisite  for  the  transformation  into  vapour 
being  abstracted  from  the  hand. 

And  in  general,  whenever  a  change  occurs  in  which  the  particles 
partake  of  a  freer  motion,  heat  really  does  disappear  as  heat,  it 
being  converted  into  energy  of  motion  which  is  communicated  to 
the  particles. 

So  when  the  reverse  change  occurs,  the  energy  of  motion  is 
converted  back  again  into  heat  and  reappears  as  such. 

Freezing  mixtures. — By  dissolving  a  quantity  of  many  salts 
such  as  ammonium  nitrate  or  potassium  iodide  in  water,  a  con- 
siderable depression  of  temperature  may  be  obtained,  but  the 
freezing  mixture  most  commonly  employed  is  a  mixture  of 
common  salt  and  snow  or  powdered  ice,  by  which  a  temperature 
as  low  as  -  23°  C,  may  be  reached. 

The  cooling  is  due  to  the  fact  that  snow  and  salt  when  mixed, 
rapidly  pass  into  the  liquid  condition,  a  change  which  we  have 
seen  is  accompanied  by  an  absorption  of  heat.  The  heat  so 
absorbed  in  the  passage  from  the  solid  to  the  liquid  state  is 
abstracted  from  the  mixture,  and  hence  the  depression  of 
temperature. 

Any  depression  below  -  23°  0.  would  result  in  the  separation 
of  the  solid  cryohydrate  NaCl.  10  HgO  (see  page  67)  with  an 
evolution  of  heat  which  would  counteract  the  cooling.  The  limit 
of  temperature  that  can  be  attained  by  the  use  of  salt  and  snow 
is  therefore  -  23°  0. 

Water  as  a  solvent. — Most  of  the  solid  substances  and  gases 
which  we  meet  with  in  chemical  operations  dissolve  to  an  ap- 
preciable extent  in  water;  some  liquids,  such  as  alcohol  and 
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sulphuric  acid,  associate  themselves  with  water  in  all  proportions  ; 
whilst  others,  such  as  oils,  if  shaken  up  with  water  separate 
again,  being  taken  up  by  the  water  either  only  to  a  slight  extent 
or  not  at  all. 

Solubility  of  solids. — The  extent  to  which  solid  substances 
are  soluble  in  water  under  similar  circumstances  varies  according 
to  the  nature  of  the  substance. 

Minerals,  such  as  coal,  limestone,  quartz,  and  many  chemical 
compounds,  such  as  sulphate  of  lime,  oxide  of  lead,  sulphide  of 
iron,  are  only  very  slightly  soluble,  whilst  others,  e.  g.  nearly  all 
chlorides  and  nitrates,  are  freely  soluble.  In  any  case,  however, 
there  is  a  limit  to  the  amount  of  solid  matter  which  can  be  dis- 
solved, and  when  water  has  taken  up  as  much  as  it  will,  we  have 
what  is  known  as  a  saturated  solution. 

The  quantity  of  a  substance  required  to  form  a  saturated 
solution  is  usually  greater  the  higher  the  temperature,  though 
there  is  no  simple  general  relation  between  the  temperature  and 
the  amount  dissolved. 

The  solubility  in  parts  per  100  by  weight  of  water  is  given 
for  a  few  substances  in  the  following  table— 


CO. 

20*  0. 

50°  C. 

100*  c. 

Potassium  nitrate  ... 

13-3 

31-2 

85-0 

246-0 

Sodium  chloride 

35-5 

360 

37-0 

39-6 

Potassium  chlorate  ... 

33 

8-0 

19-0 

580 

Sodium  chlorate 

81-9 

99-0 

136-0 

232-6 

Mercuric  chloride  ... 

5-7 

7-4 

11-3 

64-0 

Potassium  sulphate ... 

8-3 

12-6 

17-0 

26-0 

Solubility  Of  gases.— There  is  no  general  connection  between 
the  solubility  of  gases  and  their  chemical  composition.  Some 
gases,  such  as  nitrogen,  hydrogen,  and  carbon  monoxide,  are  very 
slightly  soluble,  whilst  others,  such  as  ammonia,  sulphur  dioxide, 
and  hydrochloric  acid,  are  very  freely  soluble  in  water.  The  solu- 
bility, instead  of  increasing  with  the  temperature,  decreases,  though 
in  no  simple  relation.  One  volume  of  water  at  the  temperatures 
stated,  and  under  760  m.m.  pressure,  dissolves  the  volumes  of  the 
respective  gases  given  in  the  following  table— 
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0°  0. 

10°  0. 

20°  0. 

0-020 

0-016 

0-014 

0-041 

0-033 

0-028 

0-019 

0-019 

0-019 

1-799 

1-185 

0-901 

4-371 

3-686 

2-905 

Nitrogen   

Oxygen   

Hydrogen  ... 
Carbon  dioxiiie 
Sulphuretted  hydrugou 

As  instances  of  much  more  soluble  gases  we  may  take — 

Sulphur  dioxide    79-8        56-6  39-4 

Hydrochloric  acid  ...  503-0  475-0  444-0 
Ammonia   1049-6       812-8  654-0 

The  influence  of  pressure  on  the  solubility  of  gases.  

The  volume  of  a  gas  wliicii  dissolves  in  water  is  directly  pro- 
portional to  the  pressure  (Henry's  Law).  Thus  water  at  0°C. 
dissolves  of  carbon  dioxide — 

At  1  atmosphere  pressure  1-8  times  its  volume. 
„  2  atmospheres     „       3-6     „     „  „ 

»'  ^        'I  >>       '^'^     ))     ))  )> 

„  i  atmosphere      „       0*9     „     „  „ 

11  ^        I)  ))       0-6     ,,     „  ,, 

Soda-water  is  water  charged  with  carbon  dioxide  under  a 
pressure  of  about  4  atmospheres,  and  so  long  as  this  pressure  on 
the  surface  of  the  water  is  maintained  this  volume  of  gas  will  be 
retained,  but  directly  the  pressure  is  released  an  effervescence 
is  observed,  and  gas  escapes  from  the  liquid  in  proportion  to  the 
diminution  of  pressure. 

Natural  -waters. — The  water  which  evaporates  from  the 
surface  of  sea  and  land,  and  passes  as  water  vapour  into  the  air, 
is  the  purest  form  of  natural  water,  and  it  retains  its  purity  until 
it  begins  to  fall  as  drops  from  the  rain  cloud. 

Rain  -water. — When  this  is  collected  at  the  surface  of  the  earth 
it  has  passed  through  a  considerable  stratum  of  air,  and  dissolved 
in  its  passage  not  only  gases  normally  occurring  in  the  atmo- 
sphere, but  also  such  impurities  as  are  found  there.  Even  then 
the  solid  matter  contained  in  it  does  not  amount  normally  to  more 
than  3  or  4  parts  per  100,000.    In  the  neighbourhood  of  towns 
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the  impurities  taken  up  are  more  numerous  and  in  larger 
quantity ;  also  near  the  sea,  and  especially  during  high  winds 
much  sodium  chloride  is  found  in  rain  water. 

River  water. — The  composition  of  this  water  will  of  course 
depend  on  the  nature  of  the  surface  and  of  the  strata  over  which 
the  water  passes.  For  instance,  a  considerable  part  of  the 
drainage  area  of  the  Thames  consists  of  chalk,  and  its  water 
contains  about  30  parts  of  dissolved  matter  in  100,000,  two- 
thirds  of  this  consisting  of  calcium  carbonate  and  sulphate, 
whilst  the  Dee  in  Scotland,  passing  over  the  older  strata  (prin- 
cipally slate  and  sandstone),  contains  only  5-6  parts  of  dissolved 
matter  per  100,000,  one-fourth  of  this  being  calcium  salts.  Since 
the  water  which  passes  into  rivers  collects  from  the  surface  of  the 
soil,  it  contains  also  much  more  organic  matter  and  carbon 
dioxide  than  rain  water,  arising  from  contact  with  plants  and 
decaying  vegetable  matter. 

Spring  water.— The  water  of  springs  is  rain  water  which 
has  percolated  through  soil  and  rocks.  The  composition  of 
spring  waters  varies  very  considerably,  according  to  the  depth 
from  which  the  water  rises,  and  the  nature  of  the  strata  which  it 
has  traversed.  In  some  cases  the  amount  of  dissolved  matter  is 
very  large,  and  such  springs,  especially  when  they  have  a  saline 
taste  or  medicinal  properties,  are  known  as  mineral  springs 

The  springs  of  Bath  and  Harrogate  contain  magnesia  and 
sulphuretted  hydrogen,  and  are  known  as  magnesia  and  sulphur 
waters  ;  a  spring  near  Woodhall  Spa  contains  free  iodine  :  many 
spnngs  contain  iron,  and  are  known  as  chalybeate  waters 

Mmeral  spnngs  which  rise  from  great  depths  are  frequently  hot 
some  having  a  temperature  of  nearly  100°  C. ;  this  is  especially 
the  case  m  volcanic  regions,  where  the  earth's  temperature  rises 
more  rapidly  with  increase  in  depth  below  the  surface 

Spring  water  is  bright  and  sparkling,  since  it  is  more  fully 
charged  with  gases  than  either  rain  or  river  water,  and  contains 
less  organic  matter  this  being  removed  in  its  passage  through 
beds  of  soil  or  gravel.    The  composition  of  some  typical  water 
is  given  in  the  table  further  down. 
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Sea  water. — The  matters  dissolved  or  suspended  in  river 
or  spring  water  are  carried  to  the  sea  and  remain  there,  since 
the  water  vapour  rising  from  the  sea  consists  of  practically  pure 
water.  So  that  notwithstanding  the  removal  of  large  quantities 
of  these  impurities  by  settling  out  or  by  the  action  of  organisms, 
sea  water  is  still  the  most  impure  form  of  natural  water,  and 
owing  to  the  large  amount  of  matter  in  solution  its  specific 
gravity  is  on  the  average  1-03.  In  those  land-locked  seas 
which  receive  much  river  water  the  impurities  are  of  course 
in  smaller  quantity,  but  in  the  open  ocean  the  residue  obtained 
on  evaporating  100,000  parts  of  sea  water  amounts  to  about 
3,600  parts,  of  which  nearly  four-fifths  is  sodium  chloride,  the 
rest  being  chiefly  calcium  and  magnesium  sulphate  and  mag- 
nesium chloride.  The  peculiar  taste  of  sea  water  is  due  to  the 
presence  of  these  salts. 

In  the  following  table  details  are  given  of  the  composition  of 
some  typical  natural  waters,  the  solids  in  parts  per  100,000,  the 
gases  in  cubic  centimetres  per  litre — 
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Solids. 

Gases. 

Total 
Residue. 

Calcium 
Salts. 

Magne- 
sium 
Salts. 

Sodium 
Chlor- 
ide. 

Organic 
Matter. 

N. 

0  . 

CO2 

Rain  Water 
River  Water  (Thames) 
River  Water  (Dee) 
Spi-ing  Water 
Mineral  Water  (Bath) 
Sea  Water 

3-4 
29 

5-6 
20 

236 
3,500 

nil. 
20 
1-4 

137 
140 

nil. 
1-8 
0-5 

28 
530 

0-  5 
2-6 

1-  0 

2  0 
34 
2,650 

1-  0 
3-4 

2-  2 

Traces 
Traces 
Traces 

13-1 
15-0 

15-8 
4-0 
2-1 

6-  4 

7-  4 

8-  0 
6-0 

1-3 
30-3 

1-0 

29-0 
170 

Chemically  pure  water  may  be  obtained  by  distillation,  the  water 
being  boiled  and  the  steam  which  is  given  off  condensed.  On  a 
small  scale  the  apparatus  shown  (Fig.  6)  may  be  used.  The 
water  is  boiled  in  a  flask  connected  with  a  condenser,  through 
which  a  continual  stream  of  cold  water  passes  for  the  purpose  of 
condensing  the  steam. 
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A  small  quantity  of  volatile  organic  matter  may  be  carried 
over  during  a  first  distillation,  and  soluble  matter  from  the  glass 
condenser  and  receiver  may  be  present:  but  on  adding  a  few 
drops  of  potassium  permanganate  solution,  and  distilling  again  in 
platinum  apparatus,  very  pure  water  is  obtained. 

Drinking  water.— When  water  is  to  be  used  for  drinking 
purposes,  it  is  of  the  highest  importance  that  it  should  be  clear  and 
colourless,  and  as  free  as  possible  from  organic  impurity  arising 
from  sewage  contamination,  or  contact  wilii  decaying  animal  or 
vegetable  matter.  Dissolved  salts,  such  as  ordinarily  occur  in 
natural  waters,  are  of  less  moment  than  oiganic  impurity,  and  even 
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such  minute  quantities  as  0-3  or  0-4  per  100,000  may  be  injurious. 
The  taste  of  drinking  water  is  also  an  important  factor,  and 
whilst  distilled  water  and  rain  water  are  flat  and  insipid,  owing 
to  the  smaller  quantity  of  dissolved  gases  which  they  contain, 
spring  water  has  a  characteristic  freshness  which  renders  it  most 
palatable. 

Hardness  of  water.— It  is  a  matter  of  common  experience 
that  the  sensation  felt  when  washing  the  hands  difi'ers  with  waters 
from  difiFerent  sources.  With  rain  water  or  the  waters  derived 
from  sandstone  areas  a  lather  quickly  forms,  whilst  with  cal- 
careous waters  there  is  a  sense  of  harshness,  and  a  good  deal  of 
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soap  is  required  to  produce  a  lather  ;  we  notice  further  that  in 
the  latter  case  a  scum  is  formed  which  floats  on  the  surface  of  the 
water.  Waters  that  readily  form  a  lather  are  known  as  soft 
waters,  whilst  those  which  do  not  are  called  hwi'd  waters.  Hard 
waters  contain  much  dissolved  matter,  and  especially  salts  of 
lime  or  magnesia,  which  are  the  chief  cause  of  tlie  hardness. 

The  cleansiug  action  of  soap  is  due  to  the.  alkali  and  fatty  acids 
which  it  contains,  and  no  lather  begins  to  be  produced — or  in  other 
words  no  soap  is  available  for  cleansing — until  the  whole  of  the 
lime  or  magnesia  in  the  water  has  entered  into  combination  with 
the  fatty  acids  to  form  the  scum  of  which  we  have  spoken.  The 
hardness  of  any  sample  of  water  is  indeed  measured  by  adding  a 
standard  soap  solution  little  by  little  to  a  known  volume  of  the 
water  until  a  lather  is  formed;  the  more  soap  solution  required 
to  effect  this,  the  harder  is  the  water. 

The  softening  of  water. — Carbonate  of  lime  is  insoluble  in 
pure  water,  but  readily  dissolves  in  water  containing  carbon 
dioxide.  Natural  waters,  especially  when  they  have  passed 
through  a  layer  of  peat,  become  highly  charged  with  carbon 
dioxide,  and  if  in  this  condition  they  come  into  contact  with  lime- 
stone (this  being  essentially  calcium  carbonate)  they  take  up 
calcium  carbonate  and  are  rendered  hard. 

If  to  a  few  cubic  centimetres  of  lime  water  four  or  five  times 
the  volume  of  distUled  water  are  added  and  a  stream  of  carbon 
dioxide  is  passed  through  the  clear  liquid.    At  fu-st  a  turbidity  is 
produced,  owing  to  the  formation  of  calcium  carbonate — 
CaO  +  C02  =  CaC03. 

But  on  continuing  to  pass  the  gas  the  liquid  will  become  quite 
clear  again,  because  we  have  now  carbon  dioxide  in  solution  in  the 
water.  If  the  clear  liquid  is  divided  into  two  portions,  and  one 
portion  is  boiled  for  a  little  time  and  to  the  other  a  volume  of  lime 
water  equal  to  that  originally  taken  is  added.  In  each  case  the 
turbidity  first  noticed  will  be  reproduced,  since  we  have  got  rid 
of  the  excess  of  carbon  dioxide  ;  in  the  first  case  we  expelled 
the  excess  of  carbon  dioxide  by  heat,  in  the  second  we  added 
sufficient  lime  to  combine  with  it  and  form  calcium  carbonate. 

We  may,  then,  precipitate  the  calcium  cai-bonate  and  get  rid  of 
the  hardness  due  to  this  cause,  (a)  by  boiling  the  water,  (b)  by 
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adding  to  it  the  proper  amount  of  lime  (Clark's  process),  and 
after  allowing  tlie  precipitate  to  settle  the  water  will  be  founG  to 
yield  a  lather  with  less  soap  than  before :  it  lias  become  softer. 
Hardness  due  to  calcium  and  magnesimn  carbonates  can  be 
removed  in  this  way,  and  is  termed  temporary  hardness.  The 
hardness  due  to  sulphates  and  chlorides  of  lime,  magnesia,  etc., 
cannot,  however,  be  got  rid  of  by  boiling,  and  is  known  as 
peimanent  hardnems.  Boiling  water  in  a  kettle  or  steam  boiler 
therefore  makes  it  softer,  and  the  "fur"  which  forms  on  the 
vessel  is  chiefly  calcium  carbonate  which  has  been  precipitated 
during  the  process. 

Water  of  crystallization.  —  Many  salts,  when  they  are 
allowed  to  crystallize  from  solution,  contain  water,  which  is 
associated  with  them  in  definite  proportions,  and  it  cannot  be 
regarded  otherwise  than  as  water  in  combination  with  the  salt. 

There  is,  however,  very  little  stability  in  the  combination  ; 
for  instance,  copper  sulphate  crystallizes  with  the  composiiion 
GuSO^.  5  H2O.  At  100°  C.  4  E^O  is  set  free,  and  the  remaining 
molecule  of  water  requires  a  temperature  of  240°  C.  to  liberate  it. 

Alum  crystallizes  with  24  HgO,  10  HgO  separate  at  100°  C,  a 
further  9  H3O  at  120° C,  and  nearly  the  whole  of  the  remainder  at 
2800  0.  In  some  cases,  indeed,  such  as  crystallized  sodium  car- 
bonate or  washing  soda,  NagCOj.  10  E^O,  the  salt  loses  water  or 
effloresces  at  ordinary  temperatures  in  a  dry  atmosphere. 

The  amount  of  water  of  crystallization  which  attaches  itself  to 
a  salt  varies  according  to  the  temperature  at  which  the  crystals 
form.  Thus,  from  a  solution  of  sodium  sulphate,  crystals  of 
Na2S04.  7  HgO  can  be  obtained  at  temperatures  below  26°  or 
crystals  of  Na^SO^.  10  H^O  (Glauber's  salt)  at  temperatures  below 
34°:  while  above  34°  crystals  of  m^SO^  are  obtained.  som 
salts  MgS04.  7  H2O  furnishes  another  example  giving  MgSO  6 
HjO.  Frequently,  salts  which  at  ordinary  temperatures  separ*ate 
from  solution  m  the  anhydrous  condition,  possess  water  of  crystal- 
lization when  crystallized  at  low  temperatures.  Thus  if  a  con- 
centrated solution  of  common  salt  be  allowed  to  si  and  at  ordinary 
temperatures  crystals  of  NaCl  are  obtained,  but  at  -  10°  C 
crystals  of  NaCl.  2  H^O,  and  at  -  23°  C.  crystals  of  NaC  10  H  0 
separate:  compounds  like  the  two  last  are  called  cryohydraies  ' 
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Composition  of  water  by  volume. — The  uiethod  employed 
at  the  present  day,  which  we  owe  to  Bunsen,  is  similar  in  principle 
to  tliat  employed  by  Cavendish  in  1781,  but  capable  of  greater 
accuracy,  and  is  moreover  applicable  to  gases  in  general. 

A  tube  of  even  bore,  about  700  millimetres  in  length,  is  used. 
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This  is  furnished  with  platinum  wires  to  enable  the  gases 
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"sparked,"  and  milliinetro  divisions  are  etched  on  the  tube. 
The  "  eudiometer,"  as  such  a  tube  is  called,  is  first  calibrated 
so  that  its  relative  volume  down  to  any  given  graduation  is 
known.  It  is  then  moistened  on  the  inside  with  a  few  drops 
of  water,  filled  with  mercury  and  inverted  in  a  trough  containing 
mercury.  Pure  oxygeu  sufficient  to  occupy  about  one-tentli 
of  the  volume  of  the  eudiometer  is  now  passed  in,  and  the 
exact  level  of  the  mercury  in  the  eudiometer  and  in  the 
trough  is  read.  Hydrogen  ia  then  added  equal  to  about  six 
or  seven  times  the  volume  of  the  oxygon,  and  the  levels  of  the 
mercury  again  read.  The  temperature  and  pressure  existing 
at  the  time  must  also  be  noted.  The  eudiometer  is  now  closed 
by  pressing  it  down  firmly  on  an  india-rubber  cushion  at  the 
bottom  of  the  trough,  and  tlie  spark  is  passed. 

Under  these  circumstances  the  whole  of  the  oxygen  enters  into 
combination  with  hydrogen,  and  as  the  water  which  forms  con- 
denses, a  partial  vacuum  is  formed  inside  the  tube,  and  on  gently 
raising  it  from  the  cushion  tlie  mercury  is  seen  to  rise.  After 
allowing  sufficient  time  for  the  gas  to  regain  the  temperature  of 
the  room  (much  heat  having  been  generated  by  the  combination 
which  has  taken  place)  the  levels  of  the  mercury  in  the  eudiometer 
and  trough  are  again  read. 

We  have  now  the  whole  of  the  data  necessary  for  ascertaining 
the  relative  volumes  of  hydrogen  and  oxygen  which  have  united 
to  form  water.  The  volumes  occupied  by  the  gases  are  all  re- 
duced so  as  to  represent  standard  conditions,  and  correction  is 
made  for  the  tension  of  aqueous  vapour.^  When  this  has  been 
done,  let  us  suppose — 

Oxygen  taken  occupied  12  volumes. 

Hydrogen  added     „      80  „ 

Residual  hydrogen  „      56  „ 

ulJn  '^J^^  end  and  open  at  the  other,  and  about  one  metre  in 

m^l  '  completely  fiUed  with  me  cury  and  inverted  over  a  vessel  coutaininK 
mercury,  the  mercuiy  will  faU  in  the  tube  until  the  difference  in  level  between 
the  mercury  iii  the  trough  and  in  the  tube  is  about  760  m.m.  If  a  few  drops  of 
water  are  now  allowed  to  rise  thmugh  the  mercury  into  the  vaciwus  smoo 
above  it  part  of  the  water  will  be  vaporized  and  cause  a  depressionTS'e^^^^^^^ 
Bu!Ii\^n^tH''^f•  f  ™'  is  because  the  water  vapour  exerts  a  pressure.  Th  s^es- 
sure  IS  called  the  tension  of  aqueous  vapour,  and  has  a  particular  value  it  eirh 
particular  temperature.  Hence,  in  the  case  in  point,  tL  preS  on  the  ZsZm 
be^t^he  total  pressure  as  calculated  from  the  levels/less  ?hc  tension  of  f^^^^^^ 
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It  is  evident  that  12  volumes  of  oxygen  have  entered  into  com- 
bination with  24  volumes  of  hydrogen  to  form  water. 

If  we  arrange  to  surround  the  eudiometer  with  a  steam-jacket, 
so  as  to  prevent  the  condensation  of  the  water,  we  shall  be  able 
to  ascertain  that  the  volume  of  the  water  vapour  produced  is  ex- 
actly that  of  the  hydrogen  it  contains.  We  may  summarize  these 
facts  in  the  statement — Two  volumes  of  hydrogen  combine  ivith  one 
volume  of  oxygen  to  form  two  volumes  of  water  vapour  or  steam. 

Cavendish  in  1781  was  the  first  to  ascertain  the  composition  of 
water.  He  introduced  a  mixture  of  two  volumes  of  hydrogen 
and  one  of  oxygen  into  a  strong  glass  vessel  fitted  with  two 
wires,  which  passed  into  the  inside  of  the  vessel  so  as  nearly 
to  touch  one  another.  The  electric  spark  was  passed  by  means 
of  the  wires,  and  the  gases  exploded.  By  repeating  the  experi- 
ment many  times,  he  was  able  to  show  that  oxygen  combines 
with  twice  its  volume  of  hydrogen,  and  that  the  liquid  resulting 
from  the  combination  was  water. 

Composition  of  water  by  weight. — Many  oxides,  such  as 
those  of  lead,  copper,  iron,  etc.,  when  heated  in  a  current  of 
hydrogen  give  up  their  oxygen,  and  are  "reduced,"  as  it  is 
termed,  to  the  metallic  condition.  In  this  reduction  the  oxygen 
combines  with  hydrogen  with  the  production  of  water.  If,  then, 
we  can  ascertain  (1)  the  weight  of  the  water  formed,  and  (2)  the 
weight  of  the  oxygen  which  has  gone  to  form  it,  we  shall  have 
hy  difference  the  weight  of  the  hydrogen  contained  in  the  water, 
and  thus  a  full  synthesis  of  water  by  weight.  Very  careful  ex- 
periments have  been  performed  in  this  way,  using  oxide  of  copper 
(CuO)  as  the  medium  for  the  supply  of  the  oxygen.  The  equation 
expressing  the  reaction  is — 

CuO  +  Ha  =  Cu  +  HgO. 

Our  requirements  for  tlie  performance  of  the  synthesis  are— 

(1)  Pure  hydrogen. 

(2)  A  known  weight  of  oxide  of  copper. 

(3)  A  means  of  collecting  and  weighing  the  ivhole  of  the  water 
produced. 

Dumas  and  Stas,  in  1843,  performed  the  synthesis  of  water 
in  this  way  with  extreme  care,  and  the  requirements  above- 
mentioned  were  attained  in  the  following  manner.   The  hydrogen, 
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prepared  by  the  action  of  zinc  on  sulphuric  acid,  was  purified  by 
passing  it  through  nitrate  of  lead,  sulphate  of  silver,  and  caustic 
potash,  and  then  carefully  drying  it  by  passing  it  over  phosphorus 
pentoxide.  The  oxide  of  copper  was  placed  in  a  bulb  A,  the  weight 
of  both  being  determined.  The  greater  part  of  the  water  con- 
densed in  the  bulb  B,  and  the  rest  was  absorbed  in  U  tubes 
containing  solid  caustic  potash  C  and  phosphorus  pentoxide  D. 
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Weigliings  before  and  after  the  experiment  show — 
(a)  The  loss  of  weight  of  the  oxide  of  copper,  that  is,  the 
amount  of  oxygen  used  ; 

(6)  The  gain  in  weight  of  the  second  bulb  B  and  the  U  tubes 
succeeding  it,  that  is,  the  amount  of  water  formed.     As  the 
combined  result  of  nineteen  determinations,  they  found  that  the 
amount  of  oxygen  used  was  840-161  grammes  and  the  amount  of 
water  formed  945 '439  grammes.    Water  consists,  therefore,  of 
840*161  grammes  of  oxygen 
and  105-278       „        „  hydrogen ; 
or  one  part  by  weight  of  hydrogen  combines  with  7-98  parts  of 
oxygen  to  form  water. 
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HYDROGEN  PEROXIDE.— Hydrogen  occurs  in  combin- 
ation with  oxygen,  not  only  in  the  proportion  represented  by  H/) 
(as  water),  but  also  in  that  represented  by  11^0^  (iiydrogcn 
dioxide  or  peroxide),  which  contains  twice  as  much  oxygen,  in 
relation  to  hydrogen,  as  water  does. 

This  substance  has  been  found  in  very  small  quantities  in  rain  and 
snow,  and  also  in  the  water  formed  by  the  combustion  of  hydrogen. 
It  is  a  very  unstable  body,  and  readily  undergoes  decomposition 
into  water  and  oxygen ;  it  bleaches  vegetable  colours,  and  is  a 
powerful  oxidizing  agent,  as  shown  in  the  following  equations — 

PbS     +     4  HA    =    PbS04     +  4H2O 
liead  sulphide.  Lead  sulphate. 

HgS     +     H3O2      =    S  +  2H2O 

Sulphuretted  hydrogen. 

,  CaO     +      H2O2       =    CaOa       +  E^O 
Calcium  oxide.  Calcium  dioxide. 

In  each  case  one  atom  of  oxygen  readily  separates  from  hydrogen 
peroxide  and  performs  the  oxidation,  leaving  water  as  the  residue. 
Thus,  with  lead  sulphide  we  have — 

4  H2O2  =  4  H2O  +  2  O2 
and  PbS  +  2  O2  =  PbSO^. 
Ordinary  oxygen  is,  however,  not  nearly  so  active  as  the  oxygen 
directly  derived  from  hydrogen  peroxide,  and  it  is  very  probable 
that  this  greater  activity  is  due  to  the  liberation  of  oxygen  in  the 
atomic  condition,  so  that  the  reaction  would  be — 

4  H2O2  =  4  (IT2O  +  0) 
and  PbS  +  4  O  =  Pl)S04. 
This  is  the  more  likely  since,  in  presence  of  hydrogen  peroxide 
certain  oxides  are  deprived  of  oxygen  ;  thus — 

AgjO  +  H2O2  =  2  Ag  +  H2O  +  O2. 
In  such  cases  there  is  a  single  atom  of  oxygen  feebly  attached  in 
both  compounds,  and  these  are  readily  liberated  and  combine  to 
form  the  molecule  of  oxygen — 

Ag2  I  0  +  0  I  OH2. 
Hydrogen  peroxide  can  be  preserved  in  dilute  solution,  and  is 
MO  prepared  by  the  action  of  dilute  acids  on  barium  peroxide — 
BaOj  +  HjS04      BaS04  +  HgOj. 
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In  order  to  prepare  hydrogen  dioxide  10  c.c.  of  concentrated 
sulphuric  acid  are  added  to  200  c.c.  of  water,  and  the  mixture  is 
allowed  to  stand  till  it  becomes  quite  cold  ;  then  little  by  little, 
with  constant  stirring,  about  30  grammes  of  barium  peroxide  are 
added.  The  BaS04  is  allowed  to  settle  and  the  clear  liquid  is 
poured  off.  It  is  a  dilute  solution  of  hydrogen  peroxide,  and  the 
following  experiments  may  be  performed  with  it — 

(1)  To  some  of  the  liquid  add  potassium  iodide,  iodine  will  be 
liberated,  and  the  solution  become  brown — 

2  KI  +  HsOs  =  KOH  +  Is. 

(2)  Make  a  dark  stain  of  sulphide  of  lead  on  filter  paper  by 
first  moistening  it  with  a  solution  of  a  lead  salt,  say  the  acetate, 
and  then  exposing  this  to  sulphuretted  hydrogen.  Steep  the  papei' 
in  a  little  of  the  hydrogen  peroxide  solution  and  it  will  become 
white,  the  black  sulphide  of  lead  having  been  transformed  into 
the  white  sulphate,  as  shown  in  the  equation  given  above. 

(3)  Add  silver  nitrate  to  some  of  the  solution,  and  then  caustic 
soda  ;  a  black  precipitate  of  hydrated  oxide  of  silver  will  be 
formed,  and  this  in  contact  with  the  hydrogen  peroxide  will 
undergo  decomposition  in  the  manner  already  described ;  the 
effervescence  of  gas  which  occurs  is  due  to  oxygen. 

A  concentrated  solution  of  pure  hydrogen  peroxide  may  be 
obtained  from  the  dilute  solution  by  careful  distillation,  the 
operation  being  performed  under  diminished  pressure. 

Manganese  dioxide,  like  silver  oxide,  decomposes  hydrogen 
peroxide  with  the  evolution  of  oxygen,  but  in  this  case  if  there  be 
no  acid  present  the  oxide  of  manganese  is  not  itself  reduced  • 

MnOs  +  2         =  Mn03  +  2  H^O  +  Os. 
If  acid  be  present  both  the  oxides  are  reduced  and  the  manganous 
oxide  (MnO)  formed  dissolves  in  the  acid  forming  a  salt  : 
MnOi,  +  H3O2  +  H8SO4  =  MnS04  +  2  H3O  +  O3. 
Potassium  permanganate  behaves  simUarly,  MnOs  being  formed 
in  a  neutral  solution  and  MnSOj  in  an  acid  solution. 

2  KMn04  +  H3O2  =  2  MnOa  +  2  KOH  +  2  O2 

2KMn04+4H3S04+5HA  =  2KHS04  +  2MnS04  +  8H,0+5  0, 
Bleachmg  powder  in  presence  of  HA  likewise  yields  oxygen  : 

Ca  <       +  H3O3  =  CaCls  +  H2O  +  0,. 
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OZONE.— Under  certain  conditions  oxygen  is  found  to  possess 
a  peculiar  odour,  similar  to  that  observed  in  the  neighbouihood  of 
an  electrical  machine  during  electrical 
discharge  ;  and  it  differs  from  ordinary 
oxygen  in  its  physical  and  chemical 
properties.  This  modified  form  of 
oxygen  is  termed  ozone.  Under  no 
circumstances  has  it  been  found 
possible  to  obtain  ozone  in  the  pure 
state,  as  even  under  the  most  favour- 
able conditions  only  about  8  to  10  per 
cent,  of  the  oxygen  is  transformed  into 
ozone,  the  remainder  being  oxygen  in 
the  ordinary  form  ;  usually,  indeed,  the 
proportion  of  ozone  is  much  smaller. 

Preparation  of  Ozonized  Oxyg-en. 
— Ozone  occurs  in  the  oxygen  pro- 
duced   during    the    electrolysis  of 
water,  but  is  most  conveniently  ob- 
tained by  passing  an  electric  dis- 
charge from  two  Grove's  cells  and  an 
induction  coil,  through  dry  oxygen. 
For  this  purpose  the  apparatus  sliown 
(Fig.  9)  may  be  used.    An  outer  tube 
A   B  ending  below  in   a  narrower 
portion  bent  into  a  U-tube,  is  pro- 
vided with  two  stop-cocks,  and  an 
inner  tube  of  somewhat  smaller  dia- 
meter,  closed   at  the  bottom,  and 
sealed  in  at  A.     The  outer  tube  is 
surrounded    throughout    its  whole 
length  by  a  coil  of  platinum  wire, 
and   the   inner  tube   is  filled  with 
dilute   sulphuric   acid,   and  another 
platinum  wire  dips  into  this.  The 
stop-cocks    are    opened,    and  con- 
centrated sulphuric  acid  is  poured  into 
the  U-tube,  which  serves  as  a  gauge. 
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and  diy  oxygen  passed  tlirougli  tlie  annular  ppacc  till  the  air  is 
swept  out.  Now  close  the  stop-cocks  and  connect  the  two 
platinum  wires  to  the  terminals  of  the  induction  coil.  The 
temperature  of  the  apparatus  should  be  kept  constant  during  the 
experiment,  and  this  may  easily  be  effected  by  surrounding  it 
with  water  at  the  same  temperature  as  the  room.  After  passing 
the  current  for  a  little  while,  some  of  the  oxygen  contained  in  the 
space  between  the  tubes  will  have  been  converted  into  ozone,  and 
the  following  observations  may  be  made. 

(1)  The  volume  of  tlie  gas  in  the  annular  space  diminishes,  as 
will  be  indicated  by  the  sulphuric  acid  in  the  gauge.  By  deter- 
mining beforehand  the  relative  volume  of  the  space  in  which  the 
oxygen  is  confined,  and  tliat  of  a  given  length  of  the  U  tube,  an 
approximate  estimate  may  be  made  of  the  amount  of  contraction. 

(2)  Attach  a  tube  at  the  upper  stop-cock,  open  both  stop-cocks, 
and  drive  out  some  of  the  ozonized  oxygen  at  the  lower  one, 
holding  a  paper  dipped  in  solution  of  potassium  iodide  near  the 
outlet.  The  paper  will  turn  brown  from  the  liberation  of  iodine, 
the  ozone  being  transformed  into  ordinary  oxygen. 

2  KI  +  O3+  H2O  =  2  KOH  +  O2  +  Ig. 

(3)  Bleach  indigo  or  moist  litituis  in  a  similar  way. 

(4)  Note  the  odour  of  the  ozone. 

(5)  Put  a  globule  or  two  of  mercury  in  a  small  flask  and  pass 
ozonized  oxj'gen  into  the  flask.  On  shaking,  the  mercury  is 
superficially  oxidized,  loses  its  convexity  of  surface,  and  spreads 
out  in  a  film  on  the  walls  of  the  flask. 

(6)  Expel  the  ozonized  oxj'gen  from  the  lower  stop-cock 
through  a  glass  tube  about  20  cms.  long,  lieating  the  tube  to  dull 
redness ;  at  250°  C.  ozone  is  transformed  into  oxygen,  and  after 
heating,  a  test  made  as  in  (2)  should  give  no  liberation  of  iodine. 

The  above  observations  show  the  great  chemical  activity  of 
ozone,  and  the  features  by  which  it  is  distinguished  from  oxygen, 
for  ordinary  oxygen  does  not  bleach,  nor  does  it  oxidize  mercury 
or  liberate  iodine  from  potassium  iodide  at  ordinary  temperatures  ; 
it  may  be  added  that  ozone  is  readily  taken  up  by  turpentine  and 
certain  essential  oils.  Ozone  occurs  in  the  atmosphere  in  minute 
quantities,  except  in  those  districts  where  the  air  is  considerably 
polluted  by  smoke  or  organic  matter. 
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Composition  of  ozone. — That  ozone  is  oxy,i<en  in  a  condeneed 
form  appears  from  tlie  fact  that  it  is  formed  from  pure  oxygen, 
and  tliat  wlien  oxygen  is  transformed  into  ozone  a  contniction  in 
volume  takes  place.  Tliis  contraction  may  be  measured  ;  let  us 
suppose  that  in  a  given  experiment  it  amounted  to  3  per  cent,  of 
the  total  volume  of  tlie  gas  originally  taken — that  is,  100  volumes 
of  gas  have  been  contracted  to  97  volumes. 

If  we  now  absorb  the  ozone  by  means  of  turpentine,  we  shall 
find  a  further  diminution  in  volinne,  and  tlie  oxygen  wliicli 
remains  will  be  found  to  occupy  91  volumes.    We  have,  then — 

Volume  of  ozone  =  (97  -  91  vol3.)  =  6  vols. 

,,        oxygen  from  which  it  was  formed  =  (100-91  vols.)  =  9  vols. 

The  ozone  was  therefore  formed  by  the  condensation  of  9 
volumes  of  oxygen  into  the  space  of  6  volumes,  or  3  volumes  of 
oxygen  condense  to  produce  2  volumes  of  ozone. 

Expreesed  by  means  of  symbols — 

3  Oj  =  2  O3. 

Ozone  has  therefore  1^  times  the  density  of  oxygen,  t.  e.  24. 

This  result  has  been  checked  by  observing  the  rate  of  diffusion 
of  ozone.  When  gases  diffuse  through  a  porous  membrane,  such 
as  a  plate  of  plaster  of  Paris,  it  is  found  that  the  lighter  the  gas 
the  more  rapidly  does  it  pass  through  the  membrane,  and 
accurate  measurements  show  that  the  comparative  rate  of  diffusion 
of  t^oo  gases  is  inversely  as  the  square  root  of  their  densities. 

Thus  the  densities  of  H  and  0  are  1  :  16. 

The  square  root  of  these  densities  is  1  :  4. 

Hydrogen  therefore  diffuses  through  a  porous  membrane  four 
times  as  fist  as  oxygen. 

The  comparative  rate  of  diffusion  of  ozonized  oxygen  and 
chlorine  has  been  measured,  and  the  results  indicate  that — 

Rate  of  diffusion  of  CI  :  Rate  of  diffusion  of  ozone  approxi- 
mately :  :  5  :  6. 

Thus  density  of  01  :  density  of  ozone  approximately  as  6^  :  5^, 
or  36 : 2-5. 

The  actual  density  of  chlorine  is  35-4,  and  Irnce  we  must 
conclude  that  the  actual  density  of  ozone  is  in  agreement  with  the 
value  based  on  the  acceptance  of  O3  as  representing  a  molecule 
of  ozouOj  and  occupying  the  space  of  a  molecule  of  liydrogen,  H2. 
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THE  ATMOSPHERE. — The  gaseous  envelope  which  sur- 
rounds the  earth  is  chiefly  composed  of  nitrogen  and  oxygen. 
With  these  are  associated  water  vapour,  carbon  dioxide,  ammonia, 
and  other  gases,  the  amounts  of  wliich  vary  according  to  circum- 
stances. From  whatever  locality  the  air  has  been  obtained,  the 
relative  proportions  of  nitrogen  and  oxygen  show  only  slight 
variations,  as  the  following  results  show. 

Percentage  of  Oxygen  by  Volnm",. 

72  analyses  in  different  parts  of  Europe     (mean)  20-95 

17       „        „  the  Polar  Seas  „         20  90 

3       „         at  elevation  of  15,000  ft.  or  over    „  20-94 

The  determination  of  the  composition  of  the  atmo- 
sphere.— If  a  known  volume  of  air,  from  which  the  impurities 
have  been  removed,  be  introduced  into  a  eudiometer  and  exploded 
with  about  twice  its  volume  of  hydrogen  (see  p.  68),  two  volumes 
of  hydrogen  combine  with  one  volume  of  oxygen  to  form  water 
vapour,  which  condenses,  and  thus  one-third  (he  diminution  in 
volume  represents  the  volume  of  oxygen  present. 

The  difference  between  this  and  the  original  volume  of  air 
taken  is  the  volume  of  nitrogen. 

An  approximate  determination  of  the  composition  by  volume 
may  be  made  in  the  following  way.  Take  a  glass  tube  about  700 
m.m.  high  and  15  m.m.  diameter  closed  at  one  end,  and  of  as 
even  bore  as  possible.  Invert  this,  filled  with  air,  over  water,  note 
the  volume  of  the  air,  and  pass  up  into  it  a  piece  of  phosphorus 
attached  to  a  stout  copper  wire.  The  phosphorus  will  slowly  com- 
bine with  the  oxygen  of  the  air,  and  the  water  will  rise  in  the 
tube.  Allow  it  to  stand  in  a  shaded  place  until  the  water  ceases 
to  rise.  Now  remove  the  phosphorus,  and  adjust  the  level  of  the 
water  to  the  same  height  inside  and  outside  the  tube,  and  note 
the  volume  of  residual  nitrogen.  The  volume  (correction  may 
have  to  be  made  for  variation  of  temperature  and  pressure  during 
the  experiment)  occupied  by  the  original  au  and  the  residual 
nitrogen  may  be  ascertained  with  tolerable  accuracy  by  seeing- 
what  volume  of  water  is  required  to  fill  the  tube  to  the  two  levels 
noted. 

The  composition  of  air  by  weight  may  be  ascertained  by 
passing  the  air  over  red-hot  copper,  with  which  the  oxygen 
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combines  to  form  copper  ox- 
ide. The  air  is  previously 
freed  from  carbon  dioxide 
and  moisture,  by  being 
passed  over  potash  and  con- 
centrated sulphuric  acid. 
The  apparatus  used  is  shown 
in  Fig.  10;  it  consists  es- 
sentially of  a  large  glass 
globe,  to  which  is  attached 
a  tube  containing  metallic 
copper,  and  heated  in  a  fur- 
nace. The  globe  is  first  ren- 
dered vacuous  by  means  of 
a  good  air-pump,  the  stop- 
cock is  closed,  and  the  globe 
carefully  weighed.  The 
tube  containing  the  copper 
is  then  rendered  vacuous, 
closed  and  weighed.  The 
copper  having  been  heated 
to  redness,  the  stop-cock  is 
opened  sufficiently  to  allow 
a  slow  current  of  purified 
air  to  pass  through  the  tube 
and  into  the  glass  globe. 
On  the  way,  it  is  deprived 
of  its  oxygen,  and  if  the  ex- 
periment has  been  carefully 
conducted,  only  nitrogen 
passes  into  the  globe.  After 
the  apparatus  has  quite 
cooled,  the  globe  is  again 
weighed,  and  the  increment 
gives  the  weight  of  the  ni- 
trogen. The  tube  is  also 
weighed  again,  and  th.e 
increase  there  shows  the 
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weight  of  the  oxygen,  together  with  a  little  nitrogen  which  remains 
in  the  tube.  On  exhausting  and  weighing  again,  the  decrease  in 
weight  is  added  to  the  increase  in  weight  of  the  globe  to  obtain 
the  total  nitrogen.  The  oxygen  is  given  by  the  difference  of  the 
two  weighings  of  the  exharisted  tube. 

A  series  of  such  determinations  gave  the  composition  by 
weight  of  air  as — 

Nitrogen    76  995 

Oxygen    23-005 

Water  vapour  in  air. — The  amount  of  water  vapour  varies 
with  the  temperature  and  the  degree  of  saturation  of  the  air,  for 
the  higher  the  temperature  of  the  air,  the  more  moisture  will 
it  take  up  before  it  is  saturated.  The  average  amount  is  some- 
what under  1  per  cent,  by  volume,  but  in  warm,  moist  climates 
may  approach  4  per  cent.  It  may  be  measured  by  observations 
on  the  dew-point  (see  text-books  on  physics),  or  hy  passing  a 
known  volume  of  air  over  calcium  chloride  contained  in  U  tubes, 
and  noting  the  increase  in  weight  of  the  tubes. 

The  amount  of  water  vapour  which  the  air  can  contain  may 
be  estimated  by  the  fact  that  1  cubic  mile  of  air  saturated  at  35° 
would  deposit,  if  cooled  to  0°,  140,000  tons  of  rain.  But  while 
the  air  is  seldom  completely  saturated,  it  never  contains  less  than 

of  the  possible  amount. 

Carbon  dioxide  in  air,— The  amoimt  of  this  gas  in  air  varies 
considerably,  according  to  the  locality  from  wliich  the  sample  of 
air  is  taken.  In  country  air  there  are  from  three  to  four  volumes 
of  CO2  in  10,000,  but  in  towns  the  amount  is  larger,  and  may 
reach  seven  or  eight  volumes.  In  badly-ventilated  dwellings  even 
ten-fold  the  normal  amount  of  carbon  dioxide  may  occur.  The 
determination  of  carbon  dioxide  is  a  matter  of  importance,  espe- 
cially m  the  case  of  indoor  air,  since  it  serves  to  show  the 
efficiency  of  ventilation. 

The  presence  of  carbon  dioxide  in  air  may  be  shown  by 
exposmg  lime-water  in  a  shallow  dish  ;  the  lime-water  is  soon 
covered  with  a  thin  pellicle,  owing  to  the  formation  of  calcium 
carbonate  or  chalk,  which  is  insoluble  in  water— 
CaO  +  CO2  =  CaCOs. 

Baryta  water  may,  by  Pettenkofer's  method,  be  used 


as  a 
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means  of  determining  tlie  amount  of  carbon  dioxide  in  air,  A 
solution  of  biiryta  (which  is  alkaline)  of  known  strength  is  shaken 
up  with  a  measured  quantity  of  air,  say  10  litres ;  part  of  the 
baryta  is  converted  into  barium  carbonate  (a  neutral  body),  wiiilst 
part  remains  unaltered.  The  amount  of  alkali  (the  baryta)  is 
now  smaller  by  reason  of  the  conversion  of  part  of  it  into 
carbonate  by  the  carbon  dioxide.  The  more  carbon  dioxide  is 
present,  the  greater  will  be  the  amount  of  baryta  converted 
into  barium  carbonate,  and  the  greater  will  be  the  difference 
between  the  amount  of  alkali  originally  taken  and  that  remaining 
afterwards.  By  ascertaining  the  amount  of  oxalic  acid  required 
to  neutralize  the  original  baryta  water,  and  that  required  to 
neutralize  the  residual  liquid,  the  quantity  of  carbon  dioxide  in 
the  10  litres  of  air  may  be  ascertained. 

Other  impurities  in  air. — The  remaining  impurities,  such 
as  suspended  dust  and  carbon,  ammonia,  sulphur  compounds, 
hydrochloric  acid  and  chlorides,  occur  in  much  smaller  and  more 
variable  quantities.  During  thunderstorms  oxides  of  nitrogen  are 
formed,  and  these  give  rise  to  nitrous  and  nitric  acid ;  ozone  is 
also  probably  produced  under  such  circumstances.  The  ammonia, 
carbon  (soot),  and  sulphur  compounds  occur  in  larger  quantity 
in  the  vicinity  of  towns,  from  the  coml)ustion  of  coal,  or  where 
decaying  refuse  is  found.  The  hydrochloric  acid  and  chlorides 
come  for  the  most  part  from  manufacturing  operations,  though  it 
is  significant  that,  especially  during  high  wind,  the  air  in  the 
neighbourhood  of  the  sea  contains  much  more  sodium  chloride 
than  is  usual. 

The  relation  of  animal  and  plant  life  to  air. — By  breath- 
ing on  a  cool  glass  surface,  and  by  expelling  air  from  the  lungs 
through  lime-water,  it  is  easy  to  demonstrate  that  expired  air 
contains  large  quantities  of  moisture  and  carbon  dioxide.  Indeed 
the  expired  air  from  man  contains  usually  over  4  per  cent,  of  carbon 
dioxide,  that  is,  over  one  hundred  times  as  much  as  normal  air. 

The  agencies  at  work  in  producing  carbon  dioxide  are— 

(1)  Respiration  of  animals  and  plants. 

(2)  Combustion  of  fuel. 

(3)  Decay  of  organic  matter. 

(4)  Subterranean  causes. 
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Faraday  calculated  that  nearly  five  million  tons  of  carbon  dioxide 
were  contributed  daily  to  the  atmosphere  by  these  processes. 
Under  such  a  contribution  the  air  would  slowly  get  more  and 
more  charged  with  carbon  dioxide,  and  the  percentage  of  oxygen 
diminish. 

There  are,  however,  processes  constantly  in  operation  which 
act  in  the  opposite  direction. 

(1)  In  the  process  of  assimilation  the  green  colouring  matter  of 
plants  (chlorophyll),  in  presence  of  direct  or  diffused  sunlight, 
effects  the  decomposition  of  carbon  dioxide  and  liberates  oxygen. 

(2)  Carbon  dioxide  being  moderately  soluble  in  water  is  carried 
down  by  rain,  and  is  also  taken  up  by  surface  waters  and  sea  water. 

The  precise  extent  to  which  the  loss  and  gain  counteract  one 
another  is  difficult  to  estimate,  but  that  plant  life  is  an  important 
factor  is  shown  by  actual  observations  on  the  living  plant,  and  by 
the  variations  in  the  amount  of  carbon  dioxide  in  air  in  the 
neighbourhood  of  forests  in  the  daytime,  when  the  foliage  is 
exposed  to  the  sun's  rays,  as  compared  with  night,  when 
assimilation  is  checked  and  only  respiration  goes  on. 

Is  air  a  compound  or  a  mixture  of  nitrogen  and 
oxygen  ? — We  have  seen  that  a  chemical  compound  shows  the 
following  characters — 

(1)  It  possesses  a  definite  composition. 

(2)  The  weights  of  the  elements  composing  it  are  in  proportion 
to  the  atomic  weights,  or  in  some  simple  multiple  proportion  of 
the  atomic  weights — e.g.  Hgl,  Hglj,  H2O,  etc. 

(3)  The  compound  shows  distinctive  physical  and  chemical 
properties,  the  individual  properties  of  the  constituent  elements 
being  more  or  less  completely  concealed. 

(4)  When  combination  takes  place,  heat  is  usually  evolved. 

(5)  When  gases  combine  to  form  a  gaseous  compound  there  is 
always  a  condensation  to  two  volumes,  whatever  the  volumes  of 
the  constituent  gases  may  be,  thus — 

2  vols,  hydrogen  +  1  vol.  of  oxygen  form  2  vols,  water  vapour. 

3  ),  + 1  nitrogen  „       „  ammonia. 

(6)  The  simple  solution  of  a  gas  in  water  does  not  affect  its 
ADV.  CHEM.  n 
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chemical  composition  ;  for  instance,  if  we  dissolve  ammonia  or 
carbon  dioxide  in  water,  and  then,  by  boiling  tlie  solution,  expel 
the  gas  again,  it  will  be  found  to  be  unaltered  in  character 
or  composition. 
Now  let  us  apply  these  tests  to  air. 

(1)  The  composition  of  air  varies  very  httle  under  different 
circumstances,  but  even  sucli  small  variations  as  are  found  in  its 
composition  do  not  occur  in  the  case  of  chemical  compounds. 

(2)  If  we  divide  the  relative  proportions  by  weight  of  nitrogen 
and  oxygen  in  the  air  by  the  atomic  weights  of  nitrogen  and 
oxygen,  we  shall  see  whether  any  simple  multiple  relation  is 
shown. 


That  is,  to  be  even  approximately  in  agreement  with  the  results 
of  analysis  we  should  have  to  assume  a  compound  N19O5.  The 
same  result  may  be  arrived  at  by  considering  the  volume  relations 
of  nitrogen  and  oxygen  in  air. 

(3),  (4),  and  (5)  Nitrogen  and  oxygen  retain  their  characters 
with  slight  modification  in  air,  and  a  mixture  of  the  two  gases 
in  the  proper  proportions  shows  precisely  the  same  characters  in 
all  respects  as  air.  No  heat  is  evolved  when  they  are  brought 
together,  nor  does  any  contraction  in  volume  take  place. 

(6)  It  has  been  found  that  when  air  is  shaken  up  with 
water,  a  greater  proportion  of  oxygen  dissolves  tlian  nitrogen, 
owing  to  the  greater  degree  of  solubility  of  oxygen,  so  that  whilst 
in  the  air  originally  taken,  one  volume  of  oxygen  is  associated 
with  approximately  four  volumes  of  nitrogen,  air  dissolved  in 
water  consist-j  of  one  volume  of  oxygen  associated  with  two 
volumes  of  nitrogen. 

On  all  these  grounds,  therefore,  we  must  admit  that  air  is 
simply  a  mixtwre  of  nitrogen  and  oxygen. 

Fogs  are  caused  by  condeiisation  of  water  vapour  induced  by 
dnst.  That  dust  is  the  causu  of  fog  formation  is  proved  by  the 
fact  that  in  filtered  air  fogs  cannot  form.  Analysis  of  the  deposit 


1-441  ; 
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And  5-499  :  1-441 


3-82  :  1. 
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left-  after  a  fog  showed  it  to  consist  of  carbon,  hydrocarbons, 
sulphuric  acid,  iron  and  its  oxides,  and  silica.  During  a  fog,  too, 
the  amount  of  carbon  dioxide  increases  enormously  and  reaches 
from  three  to  five  time  the  normal  amount. 

Manufacture  of  oxygen  from  atmospheric  air. — From 
time  to  time  processes  have  been  tried  for  separating  the  nitrogen 
and  oxygen  of  the  air  and  obtaining  oxygen  on  a  large  scale. 
One  or  two  of  these  may  be  mentioned. 

(1)  If  cuprous  chloride  be  exposed  to  moist  air  at  ordinary 
temperatures,  it  takes  up  oxygen  and  is  converted  into  the  oxy- 
chloride 

2CU3C13  +  02  =  2CU0C18 

and  if  this  oxychloride  be  heated  to  dull  redness  it  sets  free  the 
oxygen  and  is  again  transformed  into  cuprous  chloride. 

2  CuOCl,  by  heat  =  2  Cu.Cl,  +  O2. 

(2)  A  mixture  of  lead  oxide  (PbO)  and  chalk  (CaCOs)  if 
heated  to  dull  redness  in  air  forms  calcium  plumbate  (Ca3Pb04). 
This  is  a  compound  of  lead  peroxide  (PbO.^)  and  by  liberating 
the  PbOa  by  treatment  with  a  solution  of  sodium  carbonate, 
drying  it  and  then  heating  it,  oxygen  is  liberated. 

2  PbO.,  =  2PbO  +  0,,. 

(3)  A  method  which  has,  however,  now  been  carried  into 
practice  on  a  large  scale  for  some  years  and  yields  a  continuous 
supply  of  oxygen  very  cheaply  is  the  Brin  process.  This  is  based 
on  the  fact  that  if  baryta  (BaO)  be  heated  to  dull  redness  in  air,  it 
takes  up  oxygen  and  is  converted  into  the  peroxide  (BaO-J  ;'  if 
now  this  be  exposed  to  a  still  higher  temperature,  the  oxygen 
taken  up  is  set  free  and  baryta  left. 

2  BaO,  =  2BaO  +  0,. 

The  original  proposition  of  Boussingault  to  prepare  oxygen  on 
the  large  scale  in  this  way  failed  owing  to  certain  difficulties. 
These  were,  however,  finaUy  overcome  by  the  Brin  process.  In  this 
process  the  same  reaction  was  made  use  of,  but  it  was  found  that 
in  order  to  make  the  process  a  continuous  one,  the  foUowing 
conditions  must  be  attended  to  : — 

(a)  the  air  must  be  freed  from  CO,  and  excessive  moisture. 

(Z>)  the  baryta  must  be  so  prepared  as  to  obtain  it  into  a  firm 
and  yet  parous  condition.  It  is  obtained  in  the  best  condition  by 
heatmg  barium  nitrate. 
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(c)  the  temperatures  employed  in  the  oxidation  of  the  baryta 
and  its  subsequent  deoxidation  must  be  kept  as  low  as  possible. 

An  important  modification  of  the  original  process  has  also  been 
made  under  which  it  is  no  longer  necessary  to  work  alternately  at 
higher  and  lower  temperatures.  By  means  of  a  force  pump,  the 
air  is  brought  into  contact  with  the  heated  baryta  under  a  pressure 
of  about  15  lbs.  to  the  square  inch.  When  sufficient  time  has 
elapsed  to  allow  of  conversion  into  barium  peroxide  connection  is 
made  with  an  exhaust  pump,  and  the  pressure  reduced  to  about 
one-tenth  of  an  atmosphere.  Under  so  low  a  pressure  the  barium 
peroxide  is  decomposed  at  the  same  temperature  which  under 
higher  pressures  sufficed  to  form  it.  Instead,  therefore,  of  varying 
the  temperatures  it  is  only  necessary  to  establish  high  and  low 
pressure  alternately,  the  periods  of  operation  being  about  a  quarter 
of  an  hour. 

The  baryta  is  contained  in  a  number  of  iron  cylinders  connected 
together  by  pipes  and  placed  vertically  in  a  furnace  and  heated  by 
"  producer  gas"  The  working  is  practically  continuous  and  only 
needs  to  be  interrupted  about  every  six  months  for  the  purpose  of 
breaking  up  the  baryta  and  adding  a  little  fresh  material. 


CHAPTER  IV. 


THE    MANUFACTURE    OF    THE  MINERAL 

ACIDS, 

NITRIC  ACID  OR  AQUA  FORTIS  HNO3.— This  acid  is 
obtained  on  the  large  scale  by  acting  on  Chili  saltpetre  (NaNOs) 
with  sulphuric  acid  of  the  specific  gravity  1-7  (i.e.,  acid  con- 
taining ^  its  weight  of  water. 


Fig.  11, 


The  reaction  is  carried  out  in  large  cylindrical  retorts  of  cast 
iron,  each  about  2  ft.  in  diameter  and  5  ft.  long.  These  are  set 
horizontally  over  a  fire  as  shown  in  the  accompanying  figui-e,  the 
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flues  being  arranged  so  as  to  carry  the  fire  gases  completely  round 
the  retorts  and  keep  the  whole  surface  heated.  The  charge  for 
such  a  retort  would  consist  of  5  cwt.  of  the  nitrate  and  4  cwt.  of 
sulphuric  acid,  the  latter  being  always  employed  in  excess  of  the 
proportion  indicated  by  the  equation 

2  NaNOs  +  H,SO,  =  Na,S04  +  2  HNO3. 
so  that  the  residue  left  at  the  end  of  the  operation  may  remain 
fluid  enough  to  admit  of  its  being  readily  run  off.  The  front  and 
back  of  the  retort  are  closed  by  means  of  flagstone  and  occasion- 
ally the  retort  is  lined  in  its  upper  part  with  acid-resisting  brick, 
but  unless  the  acid  vapours  are  allowed  to  cool  and  condense  they 
do  not  act  upon  the  cast  iron. 

The  condensation  and  collection  of  the  acid  is  usually  efEected 
in  a  series  of  stoneware  W oulfE's  bottles. 

This  process  will  yield  acid  of  such  a  strength  as  to  contain 
60  per  cent.  HNO3.  If  stronger  acid  is  required  concentrated 
sulphuric  acid  must  be  used  and  care  taken  to  have  the  saltpetre 
dry.  With  these  precautions,  acid  containing  over  90  per  cent. 
HNO3  may  be  obtained,  and  by  adding  more  sulphuric  acid  to 
this  and  redistilling,  practically  all  the  water  may  be  removed. 
The  first  acid  which  passes  over  the  retorts  containing  nitrogen 
peroxide  which  may  be  removed  by  blowing  air  through  the  acid, 
and  the  latest  portions  of  the  acid  may  contain  sulphuric  acid 
which  remains  behind  when  the  crude  acid  is  redistilled. 

HYDROCHLORIC  ACID  OR  MURIATIC  ACID  HCl.— 

In  some  cases  hydrochloric  acid  is  made  from  common  salt  and 
sulphuric  acid  in  cylindrical  retorts,  and  condensed  in  series  of 
stoneware  bottles  quite  after  the  same  manner  as  nitric  acid. 
This,  however,  is  exceptional  and  by  far  the  largest  supply  is 
obtained  as  a  by-product  in  the  manufacture  of  sodium  sulphate 
(salt  cake).  In  this  process  common  salt  and  sulphuric  acid  are 
heated  together,  first  at  a  gentle  heat  in  shallow  cast-iron  pans. 
The  gas  which  is  given  off  during  this  process  contains  air,  steam, 
and  most  of  the  hydrochloric  acid,  it  is  known  as  pan-gas 

NaCl  +  H2SO4  =  NaHS04  +  HCl. 
The  residue  is  then  raked  out  of  the  pans  and  heated  in  a 
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reverbatory  furnace  to  a  much  higher  temperature,  when  a  further 
quantity  of  hydrochloric  acid  is  given  oflE  in  the  roaster-gas 
NaCl  +  NaHSO*  =  Na2S04  +  HCl. 

The  point  to  which  attention  must  be  devoted  here  is  the 
method  employed  for  dealing  with  the  heated  mixture  of  air, 
steam  and  hydrochloric  acid  so  that  the  last-named  product  may 
be  condensed  or  absorbed  as  completely  as  possible.  If  the 
hydrochloric  acid  gas  were  notliirgely  mixed  with  air  and  steam, 
and  the  temperature  were  low,  the  condensation  would  be  easily 
effected  by  contact  with  water. 

A  charge  of  16  cwt.  of  common  salt  with  the  requisite  amount 
of  sulphuric  acid  (sp.  gr.  1-16)  has  been  found  to  yield  approxi- 
mately 

700  lbs.  of  HCl  and  500  lbs.  steam  as  "  pan  "  gas. 
and  360     „  „      100       „       „    "  roaster "  gas. 

The  temperature  of  the  pan  gas  will  be  at  least  150°  C,  and 
that  of  the  roaster  gas  not  less  than  500°  C,  and  the  cooling  and 
condensation  of  such  a  product  admixed  with  much  air  would 
require  such  large  quantities  of  water  that  the  acid  obtained 
would  be  extremely  weak. 

It  is  essential  therefore  to  dissipate  •  some  of  the  heat  by  a 
preliminary  cooling  which  is  effected  by  passing  the  gases  through 
earthenware  pipes  before  they  reach  the  condensing  towers. 
These  earthenware  pipes  are  usually  about  12  inches  in  diameter 
and  may  extend  to  a  length  of  from  100  to  300  feet  according  to 
the  temperature  or  state  of  dilution  of  the  gas.  The  pipes  are 
inclined  so  that  the  acid  which  condenses  in  them  may  flow  back 
towards  the  furnace  and  be  intercepted  at  intervals  in  flagstone 
cisterns  provided  for  the  purpose. 

The  "  condensers  "  proper  are  towers  50  feet  or  more  high  and 
5  feet  square,  generally  built  of  flagstone  and  filled  with  large 
coke,  over  which  the  water  used  for  absorbing  the  residual  hydro- 
chloric acid  gas  is  allowed  to  trickle.  The  acid  which  collects  in 
the  cisterns  contains  about  30  to  35  per  cent.  HCl,  whflst  that 
formed  in  the  condensers  does  not  exceed  28  per  cent. 

The  strongest  hydrochloric  acid  obtainable  contains  about 
43  per  cent.  HCl  and  is  prepared  by  passing  the  gas  through 
wnter  to  saturation, 
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SULPHimiC  ACID,  OR  OIL  OF  VITRIOL,  H^SO^.  We 

have  seen  that  under  certain  circumstances  sulphur  dioxide  com- 
bines with  oxygen  to  form  sulphur  trioxide,  and  tliat  this  in 
presence  of  water  gives  sulphuric  acid.  Tlie  oxidation  of  sul- 
phurous acid  to  sulphuric  acid  also  takes  place  slowly  when  its 
aqueous  solution  is  exposed  to  air  at  ordinary  temperatures. 

Such  methods  are,  however,  not  suitable  for  the  production  of 
large  quantities  ^  of  sulphuric  acid  as  an  article  of  commerce. 

The  oxidation  of  sulphurous  acid  is  efEectually  performed  by 
the  intervention  of  the  oxides  of  nitrogen,  and  on  tlie  large  scale 
sulphur  dioxide,  oxygen  (supplied  in  the  form  of  air)  and  steam 
are  brought  together,  and  tliese  in  presence  of  oxides  of  nitrogen 
form  sulphuric  acid. 

The  suLphur  dioxide  in  works  where  a  very  pure  acid  is  made 
is  obtained  by  burning  brimstone,  but  in  the  very  large  majority 
of  cases  iron  pyrites  is  used  as  the  source  of  the  gas.  This  is 
burnt  in  a  series  of  "kilus,"  and  the  heat  arising  from  the  com- 
bustion is  sufficient  to  render  the  operation  continuous,  fresh 
charges  being  added  from  time  to  time. 

2  Fo  S2  +  11  0  =  Fe203  +  4  SOg. 

The  nitric  acid  from  wliich  the  oxides  of  nitrogen  are  derived 
is  prepared  by  the  action  of  concentrated  sulphuric  acid  on  Chili 
saltpetre,  NaNO, — 

NaNOa  +  H2SO4  =  NaHSO^  -1-  HNO3 ; 
the  acid  fumes  are  carried  into  the  flues  along  which  the  sulphur 
dioxide  and  air  pass,  and  there  intermingle  with  these  gases. 

The  air  is  drawn  in  through  the  pyrites  burners  or  kilns, 
the  draught  being  maintained  by  means  of  a  chimney,  and  by 
adjustment  of  the  doors  of  the  kilns  so  as  to  admit  the  quantity 
of  air  which  experience  has  shown  to  be  necessary. 

Tlie  steam  is  supplied  from  low  pressure  boilers,  and  introduced 
into  the  "chambers"  in  such  a  way  as  to  become  intimately 
associated  with  the  other  products. 

The  reaction  ending  in  the  production  of  sulphuric  acid  does 
not  take  place  under  the  circumstances  very  rapidly,  and  it  is 
necessary  to  provide  for  a  lengthened  period  of  contact  between 

1  Over  a  million  tons  of  oil  of  vitriol  are  produced  in  Great  Britain  alone  jn  the 
pourse  of  a  year. 
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the  various  bodies  which  take  part  in  it.  The  gases  are  led 
into  a  series  of  large  chambers  where  they  meet  with  the 
steam.  These  are  usually  three  in  number,  and  have  a  total 
capacity  of  100,000  to  160,000  cubie  feet,  the  relation  of  the 
sulphur  burnt  to  the  capacity  of  the  chamber  being  such  that  the 
average  time  occupied  by  the  gas  in  traversing  the  chambers 
is  something  like  three  hours.  The  walls  and  floor  of  the 
chambers  are  constructed  of  sheet-lead  supported  on  a  wooden 
framework,  lead  being  a  metal  which  is  scarcely  attacked  at  all 
by  sulphuric  acid  of  the  strength  produced  in  the  chambers.  The 
chambers  are  kept  cool  enough  to  serve  as  condensers,  so  that  the 
acid  collects  on  the  floor,  and  is  drawn  ofE  periodically. 

The  recovery  of  tlie  oxides  of  nitrogen.— In  practice,  the 
higher  oxides  of  nitrogen  are  carried  forward  in  the  chambers, 
and  would  escape  at  the  exit.  To  avoid  this  waste,  advantage 
ia  taken  of  the  fact  that  they  are  absorbed  by  concentrated  sul- 
phuric acid.  The  exit  gases  from  the  cliambers  are  therefore 
passed  through  a  tower  (known  as  the  Gay-Liissac  tower),  packed 
with  coke,  down  which  concentrated  sulphuric  acid  constantly 
trickles.  The  oxides  of  nitrogen  taken  up  in  this  way  are  dis- 
charged again  if  the  acid  be  diluted,  since  they  are  practically 
insoluble  in  dilute  sulphuric  acid. 

In  order  therefore  to  render  these  absorbed  gases  again  available 
in  the  production  of  sulphuric  acid,  the  acid  which  has  traversed 
the  Gay-Lussac  tower  is  pumped  up  to  the  top  of  a  Glover  tower 
placed  at  the  entrance  of  the  chambers.  This  tower  is  packed 
with  flints  and  coke,  and  the  nitrated  acid  is  diluted  as  it  runs 
down  by  being  mixed  with  the  weaker  "chamber  acid."  The 
oxides  of  nitrogen  which  have  been  absorbed  in  the  Gay-Lussac 
tower  are  thus  discharged  within  the  Glover  tower,  and  there 
mix  with  the  gases  which  are  passing  from  the  pyrites  burners 
to  the  chambers,  the  Glover  tower  being  placed  between  the 
pyrites  burners  and  the  cliambers.  The  Glover  tower  performs 
the  further  function  of  cooling  the  gases  before  they  enter  tlio 
chambers,  and  in  addition  to  this,  j.  considerable  amount  of  i 
sulphuric  acid  is  actually  formed  in  the  Glover  tower  itself.  The  ' 
acid  which  escapes  from  the  Glover  is  strong  (80  per  cent.),  and 
has  a  temperature  of  120°  to  J30°,  ^ 
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Details  relating  to  Sulphuric  Acid  plant.    Fig.  12. 

(1)  Pyrites  burners.— Tliese  are  shown  partly  in  Bection,  so 
as  to  indicate  the  charge  and  the  common  flue  into  which  tlie 
gas  passes.  There  are  24  burners,  a  second  row  of  12  being 
placed  back  to  back  with  those  shown.  The  various  doors  on 
the  front  of  the  burners  serve  for  charging  the  ore,  stirring  the 
charge  when  necessary,  and  finally  for  removing  the  burnt  ore 
which  has  fallen  into  the  ashpit  underneath. 

(2)  The  Glover  tower. — This  is  packed  with  flints,  through 
which  trickle  from  the  tanks  above  (a)  strong  nitrated  acid, 
which  has  been  previously  used  to  absorb  nitrous  fumes  in  the 
Gay-Lussac  tower  (b),  weak  chamber  acid.  When  the  two  acids 
mis,  nitrous  fumes  are  freely  liberated  within  the  tower,  and  thus 
it  supplements  the  nitre-pots  in  providing  the  nitrous  fumes 
necessary  for  the  process. 

(3)  The  Gay-Lussac  tower. — This  is  packed  with  coke,  and 
the  strong  acid  (sp.  gr.  1'78)  which  is  supplied  from  the  tank 
above,  passes  over  the  coke  and  absorbs  any  nitrous  fumes  in  the 
exit  gases  from  the  chambers. 

The  course  taken  by  the  gases. — The  sulphur  dioxide  and 
air  (in  excess)  pass  along  the  common  flue  A  B  from  the  pyrites 
burners  over  the  nitre-pots,  and  then  along  the  pipe  C,  through 
the  Glover  tower.  At  D  they  pass  in  at  the  front  of  chamber 
No.  1,  and  thence  from  the  back  at  E  to  the  back  of  chamber 
No,  2,  entering  this  at  F  by  the  pipe  E  F.  Similarly  by  G  H 
from  the  front  of  chamber  No.  2  to  the  front  of  No.  3,  and 
from  the  back  of  this  to  the  base  of  the  Gay-Lussac  tower 
by  K  L.  Having  traversed  the  Gay-Lussac  tower  the  exit 
gas  finally  passes  off  to  the  chimney  by  the  outlet  at  the  upper 
part  of  the  tower.  The  steam  is  blown  in  at  the  ends  of  the 
chambers  in  such  a  way  as  to  travel  always  in  the  direction  of 
the  draught,  that  is  to  follow  the  same  course  as  that  taken  by 
the  gases.  Each  chamber  is  25  ft.  wide,  20  ft.  high,  and  100  ft. 
long,  and  they  are  seen  in  the  figure  in  transverse  section,  so 
that  the  direction  of  the  length  would  be  perpendicular  to  the 
plane  of  the  paper. 
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The  functions  of  the  various  parte  of  the  sulphuric  acid  plant 
may  be  summed  up  thus— 

The  Chambers  (1)  bring  about  a  prolonged  contact  between 
the  reacting  bodies. 

(2)  Condense  tlie  siilplmric  acid  which  collects  as  the  chamber 
acid  (sp.  gr.  1-6,  containing  nearly  70  per  cent.  U^SO^)  on  the 
floor  of  the  chamber. 

The  Gay-Lussac  Tower  absorbs  the  oxides  of  nitrogen  in 
the  exit  gases  from  the  chamber. 

The  Glover  Tower  (1)  effecte  discharge  of  oxides  of  nitrogen 
from  the  nitrated  acid  produced  in  Gay-Lussac  tower. 

(2)  Cools  the  gases  from  the  pyrites  burners,  the  heat  so 
absorbed  concentrating  the  acid  to  sp.  gr.  1-75,  or  80  per  cent. 

(3)  Assists  in  the  actual  production  of  sulphuric  acid. 

At  a  higher  degree  of  concentration  sulphuric  acid  rapidly 
attacks  lead,  and  if  stronger  acid  is  needed,  the  concentration 
is  effected  by  boiling  it  in  glass  or  platinum  stills,  when  very 
weak  acid  passes  over,  and  the  acid  remaining  in  the  still  rises  in 
strength  till  it  contains  95  to  98  per  cent.  H2SO4. 

Acid  containing  100  per  cent.  H2SO4  cannot  bo  obtained  by 
distillation  alone.  It  is  prepared  by  adding  sulphur  trioxide  to 
the  98  per  cent,  acid,  and  then  on  freezing,  ciystals  of  pure  H2SO4, 
melting  at  10°  C,  separate  out. 

Properties  of  sulphuric  acid.— The  pure  concentrated  acid 
is  a  thick  oily  liquid  (sp.  gr,  1-84),  from  whence  it  derives  the 
name,  oil  of  vitriol.  It  boils  at  338°  C,  with  partial  d.ecomposition, 
so  that  when  the  acid  containing  100  per  cent.  II2SO4  is  distilled 
the  residue  becomes  weaker,  until  it  reaches  a  strength  of  about 
96  per  cent.  H2SO4,  at  which  it  remains  constant. 

It  is  highly  corrosive,  charring  wood  and  many  organic  sub- 
stances even  at  the  ordinary  temperature.  This  is  largely  owing 
to  the  great  avidity  with  which  it  takes  up  water.  Wood  con- 
sists mainly  of  cellulose,  a  compound  of  carbon,  and  hydrogen 
and  oxygen  in  the  proportions  in  which  they  are  contained  in 
water:  the  acid  therefore  abstracts  water,  leaving  a  mass  of 
carbon.  The  concentrated  acid  is  frequently  used  for  drying  the 
ordinary  gases.  Its  affinity  for  water  is  likewise  shown  by  th' 
large  amount  of  heat  evolved  when  the  two  liquids  are  mixed. 
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Laboratory  representation  of  the  Sulphuric  Acid 
Manufacture. 

The  formation  of  sulphuric  acid  may  be  represented  in  the 
hiboratory  by  taking  a  large  flask  (5  litres)  and  fitting  it  with 
a  cork  provided  with  five  holes  through  which  pass  tubes  de- 

livering — 

(1)  Sulphur  dioxide 
(•2)  Nitric  oxide 

(3)  Steam, 

(4)  Oxygen  from  a  gasholder  ; 

while  the  fifth  hole  is  provided  with  a  tube  opening  into  the  air. 
The  arrangement  is  shown  in  the  figure. 


Fio.  12a.. 


Pass  some  sulphur  dioxide,  nitric  oxide,  steam,  and  oxygen 
into  the  flask,  then  shut  off  the  steam  supply  ;  crystals  of  nitro- 
sulphonic  acid  (lead  chamber  crystals)  may  be  seen  to  form. 
On  clearing  the  flask  of  red  fumes  by  a  current  of  oxygen,  and 
then  passing  in  more  steam,  these  crystals  will  dissolve  with  the 
evolution  of  red  fumes.  After  allowing  the  reaction  to  go  on 
for  some  minutes,  the  liquid  condensed  in  the  flask  may  be  tested 
for  sulphuric  acid 


94  THE  MANOTACTTTKE  OP  THE  MINERAL  ACIDS. 

The  theory  of  the  Sulphuric  Acid  Manufacture. -By  the 

action  of  tlie  oxygen  in  air  and  moisture,  in  the  form  of  steam,  sul- 
phur dioxide  is  transformed  into  sulphuric  acid,  but  the  change  takes 
place  very  slowly,  and  the  sulphuric  acid  obtained  is  extremely 
dilute.  In  presence  of  certain  substances,  notably  the  higher 
oxides  of  nitrogen  as  in  the  sulplmric  acid  chambers,  the  con- 
version is  more  rapid  :  but  much  difference  of  opinion  exists  as  to 
the  actual  changes  which  take  place,  and  even  as  to  the  particular 
oxides  of  nitrogen  which  take  part  in  the  reaction. 

Tlie  older  theory,  originally  suggested  by  Berzelius,  regards  the 
nitric  oxide  (NO)  as  the  body  which  brings  about  the  formation 
of  the  sulpliuric  acid.  This  it  does  by  taking  up  oxygen  from 
the  air  and  forming  nitrogen  peroxide  (NOg),  which  in  its  turn 
oxidizes  the  sulphur  dioxide,  and  in  presence  of  steam  forms  sul- 
phuric acid,  being  itself  reduced  again  to  nitric  oxide,  the  alternate 
oxidation  and  reduction  going  on  indefinitely  : — 

(1)  NO2  +  S0^  +  11,0  =  NO  -f-  H2SO,. 

(2)  2  NO  -1-  O2  =2  NO2 

It  is  however  observed  that  if  the  chambers  are  insufficiently 
supplied  with  steam,  white  crystals  ("lead  chamber  crystals") 
are  formed,  consisting  of  nitrosulphonic  acid,  SOgOHNOg.  Ac- 
cording to  the  above  theory  the  formation  of  nitrosulphonic  acid 
is  not  essential  to  the  process,  and  does  not  occur  in  chambers 
working  normally. 

The  theory  more  recently  proposed  by  Lunge  on  the  other 
hand  assumes  nitrogen  trioxide*  to  be  the  true  intermediary  in 
the  formation  of  sulphuric  acid,  and  nitrosulphonic  acid  to  be 
continually  formed  in  the  chambers  and  decomposed  again  by 
the  excess  of  steam  according  to  the  equations — 

(3)  2  HNO3  -F  2  SO2  +  H2O     =  2  H2SO4  +  N2O3. 

(4)  N2O3      O2  +  2  SO2  +  H2O  =  2  SO2OHNO2. 

(5)  2  SO2OHNO2  +  H2O  =  N2O3  +  2  H2SO4. 

Under  some  conditions,  and  especially  where  the  gases  are 
just  entering  the  chambers  and  sulphur  dioxide  is  in  large  excess, 
it  is  however  admitted  that  nitric  oxide  plays  a  prominent  part. 
With  this  exception  Lunge's  theory  is  not  inconsistent  with  the 
observations  recorded  in  actual  working  on  the  large  scale. 
'  The  theory  holds  if  N2O3  be  regarded  aa  a  mixture  of  NO3  and  NO 
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THE  HALOGENS. 

A  COMPARISON  of  the  pliysical  and  chemical  properties  of  the 
four  elements,  fluorine,  chlorine,  bromine,  and  iodine,  and  of  their 
compounds,  readily  lead  one  to  regard  these  elements  as  forming 
a  natural  group. 

And  this  not  so  much  from  the  closeness  of  the  resemblance 
as  from  the  fact  that  there  is  a  gradual  transition  in  properties 
which  proceeds  always  in  the  same  order,  viz.  in  the  order  of 
tln  ir  atomic  weights.  A  general  survey  of  the  group  will  illus- 
trate this. 

Physical  properties  of  these  elements. — Fluorine  is  a  gas 

which  condenses  to  a  liquid  when  cooled  down  to  —  187°  C.  ;  the 
gas  possesses  a  very  faint  greenish-yellow  colour  ;  chlorine  is  con- 
densed to  a  liquid  at  —  34°  C,  the  gas  has  a  distinct  greenish  colour  ; 
bromine  is  a  reddish-brown  liquid  boiling  at  59°  C.  and  solidifying 
at  —  7°  C,  whilst  iodine  is  a  black  crystalline  solid  which  boUs  at 
184°  C,  its  vapour  being  of  a  beautiful  violet  colour. 

In  the  gaseous  condition  these  elements  have  a  very  irritant 
action  on  the  mucous  membrane  which  is  most  marked  in  the 
case  of  fluorine  and  chlorine,  and  least  so  with  iodine.  They 
have  an  odour  resembling  that  of  seaweed  if  they  are  in  a  largely 
diluted  condition. 
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Tlieir  solubility  in  water  follows  the  order  of  their  atomic 
weight;  chlorine,  the  most  soluble  (fluorine  decomposes  water), 
dissolving  in  about  half  its  volume  of  water,  bromine  to  the  extent 
of  three  parts  in  100  of  water,  whilst  iodine  is  only  very  slightly 
suhihle  in  water,  but  dissolves  readily  in  alcohol,  ether,  bisulphide 
of  carbon,  or  in  a  solution  of  potassium  iodide. 

When  chlorine  is  passed  into  water  to  saturation  at  0°  C,  yellow 
crystals  having  the  composition  Clj.  8  HgO  separate  out.  On 
warming  these  crystals  they  readily  decompose  with  the  evolu- 
tion of  chlorine.  Bromine  under  similar  circumstances  forms 
crystals  having-  the  composition  Brj.  10  HgO. 

General  Chemical  Properties.— Whilst  the  tendency  to 
combine  with  oxygen  increases  as  we  pass  from  fluorine  to  iodine, 
the  affinity  for  hydrogen  and  the  metals  decreases.  Fhiorine  forms 
no  compound  with  oxygen,  chlorine  can  only  be  made  to  combine 
indirectly  and  forms  unstable  oxides,  iodine  however  is  directly 
oxidized  by  nitric  acid,  and  its  oxide  is  much  more  stable. 
Hy  drogen,  on  the  other  hand,  combines  directly  even  in  the  dcurk 
with  fluorine  and  at  very  low  temperatures,  but  with  chlorine  the 
combination  only  takes  place  on  heating  or  under  the  stimulus  of 
rays  of  light  of  great  chemical  activity,  and  bromine  and  iodine 
are  induced  to  combine  with  hydrogen  with  much  greater 
difficulty. 

Moreover,  tlie  stability  of  the  products  of  such  action,  HF, 
HCl,  HBr,  HI,  shows  a  falling  off  in  the  order  named. 

The  interaction  of  the  halogens  and  water  is  instructive. 
Fluorine  decomposes  water  immediately  at  ordinary  temperatures, 
and  with  considerable  energy,  giving  rise  to  the  formation  of 
ozone.  Chlorine  acts  at  ordinary  temperatures  only  in  presence 
of  sunlight,  and  bromine  and  iodine  are  without  action. 

Fluorine. — The  isolation  of  a  substance  which  even  at 
ordinary  temperatures  decomposes  water  and  other  compounds, 
and  attacks  solid  substances  with  great  readiness,  cannot  but  be 
attended  with  difficult}'',  and  it  was  not  till  1887  that  fluorine  was 
obtained  in  the  free  state.  Moissan  accomplished  this  by  the  elec- 
trolysis of  liquid  hydrofluoric  acid  perfectly  free  from  moisture. 
Liquid  hydrofluoric  acid  is  however  a  non-conductor  of  electricity, 
and  it  was  necessary  to  add  to  it  potassium  hydrogen  fluoride 
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(KHF,)  to  enable  it  to  conduct  the  current.    The  apparatu 
used  in  the  decomposition  consists  of  a  pi  a  mum  U  tube.  Thi 
?ube  which  is  shown  in  the  figure,  is  provided  with  side  tubes 
to  leal  off  the  hydrogen  which  is  evolved  at  the  negative  pole, 
and  the  fluorine  from  the  positive  pole. 


FlQ.  13. 


The  negative  pole  consists  of  platinum,  and  the  positive  pole 
of  an  alloy  of  platinum  and  iridium,  which  is  less  rapidly  acted 
upon  by  fluorine  than  any  other  metal,  and  these  are  fitted  into 
the  U  tube  by  means  of  fluor-spar  stoppers,  which  close  the  end 
of  the  U  tube  gas-tight.  Liquid  hydrofluoric  acid,  being  a  very 
volatile  substance  at  ordinary  temperatures,  the  apparatus  is  kept 
at  -  23°  C. 

Fluorine  acts  with  great  energy  on  mercury,  sodium,  potassium, 
and  magnesium,  etc.,  and  less  violently  on  such  metals  as  copper, 
silver,  platinum.    Bromine,  iodine,  carbon,  sulphur,  silicon, 
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pliosphorus,  and  arsenic  likewise  combine  immediately  witli  tl.e 
produc  :on  of  flame  at  ordinary  temperatures,  fluorides  T  I. 
e  ements  being  formed.  Not  only  water,  hut  the  haloid  a  ids 
a IBO  sulphur  d.oxide,  sulphuretted  hydrogen,  ammonia,  and  eten 
sihca,  are  deco.nposed  at  once.  In  fluorine  we  liave  then  the  most 
active  chemical  substance  known 

from^^'^'*'''"  ^y^"'^"  lodine.-Bromme  is  obtained 
trom  the  liquors  which  remain  after  the  extraction  of  potassium 
and  magnesium  chlorides  from  camallite  (KCl.  MgCL  6  H 

l\5l7LT\t  ^'^^^ 

U  Zb  per  cent,  of  bromine,  as  magnesium  bromide,  are  first  heated 
and  then  acted  upon  by  chlorine  and  steam.  The  bromine  is 
liberated  according  to  the  equation— 

MgBr,  +  CI2  =  MgClj  +  Brg, 
and  escapes  as  vapour  which  is  condensed  by  being  caused  to 
traverse  a  worm  immersed  in  cold  water.  The  bromine  obtained 
in  this  way  usually  contains  chloride  of  bromine,  and  this  is 
decomposed  by  agitation  witi,  ferrous  or  potassium  bromide, 
the  bromide  being  further  purified  by  re-distillation. 

Todine.— The  most  important  source  of  iodine  at  present  is  the 
crude  sodmm  nitrate  (caliche)  of  Chili  and  Peru.  It  occurs  in 
this  body  as  sodium  iodate  NalOj.  On  treating  the  mineral  with 
water  and  crystallizing,  the  bulk  of  the  sodium  nitrate  separates, 
and  the  sodium  iodate  being  much  more  soluble  remains  in  the 
mother  liquor.  This  mother  liquor  is  treated  with  sodium 
liydrogen  sulphite  solution  which  reacts  upon  it  and  precipitates 
the  iodine — 

2  NalOg  +  5  NaHSOg  =  3  NaHSO^  +  2  Na^SO^  +  I^  +  H^O. 
The  iodine  is  allowed  to  settle  out,  and  then  washed  and  pressed 
into  cakes,  being  finally  resublimed  at  as  low  a  temperature  as 
possible. 

In  Scotland,  iodine  is  extracted  from  deep-sea  weed,  which 
contains  from  about  0  27  to  0'47  per  cent,  of  iodine.  The  best 
process  in  use  for  obtaining  this  iodine  is  the  following— 

The  weed,  which  must  after  collecting  be  kept  dry  until  used, 
is  boiled  with  sodium  carbonate  and  filtered  :  the  filtrate  is  treated' 
with  hydrochloric  acid  and  again  filtered,  the  filtrate  in  this  case 
being  neutralized  with  caustic  soda,  evaporated  to  dryness,  and 
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carbonized,  The  two  filtrations  have  separated  two  organic 
bodies  resembling  cellulose  and  albumen  respectively,  and 
which  have  found  several  useful  applications.  The  carbonized 
residue  is  treated  with  warm  water,  and  evaporated  until 
all  the  less  soluble  salts  (chiefly  potassium  sulphate  and 
chloride)  have  crystallized  out.  The  mother  liquor  is  treated 
with  a  small  quantity  of  sulphuric  acid  to  decompose 
sulphides  and  sulphites.  It  is  then  distilled  with  manganese 
dioxide  and  sulphuric  acid,  the  former  being  added  in  small 
quantities  at  a  time.  Iodine  distils  over  and  is  purified  by 
resubliming. 

In  the  laboratory,  sodium  chloride,  bromide  and  iodide  may 
respectively  be  used  as  sources  of  the  halogens.  These  when 
treated  with  manganese  dioxide  and  sulphuric  acid  give  the 
following  reaction,  R  standing  for  chlorine,  bromine  or  iodine— 
2  NaR  +  3  H2SO4  +  MnOa  =  2  NaHSO^  +  MnSO^  +  2  H2O  +  Rg- 
More  usually  in  preparing  chlorine,  concentrated  hydrochloric 
acid  is  substituted  for  the  common  salt  and  sulphuric  acid,  the 
reaction  being — 

4  HCl  +  M11O2  =  M11CI2  +  2  HgO  +  Cla- 

Thereactionmay 
be  performed  in  a 
flask  fitted  with  a 
safety  funnel  simi- 
lar to  that  which 
would  be  used  in 
preparing  hydro- 
chloric acid  ;  very 
gentle  heat  is  re- 
quired. In  the  pre- 
paration of  bromine 
and  iodine  a  small 
glass  retort  such  as 
is  shown  in  the  ac- 
companying  figure      \       \       _  rM 

is  more  convenient,  >  — -^sr 

the   bromine  and 

iodine  condensing  either  in  the  neck  of  the  retort  or  in  a  small 
receiver  which  is  kept  cool  by  means  of  a  stream  of  water. 
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The  bleaching  of  vegetable  coloring  matters  OhW.-; 
and  to  a  slight  extent  bromine  possesses  t^.^^^^^^ 
the  leaves  of  plants,  flowers  and  vegetable  dyes  ot^heir  coroaf 
In  the  absence  of  moisture  no  such  action  however  takes  p  ace 
the  bleaching  being  due  to  the  oxidation  of  the  colo^  ng  m 
waterrlr^"  resulting  from  the  interaction  of  chlofine  nd 
water.    Certain  oxidizmg  agents  which  likewise  furnish  nascent 
oxygen,  notably  hydrogen  peroxide,  have  a  simUar  action 

If  a  piece  of  cloth  dyed  with  turkey-red  be  placed  in  a 
stoppered  jar  of  dry  chlorine,  and  left  for  some  mruterno 
decolounzation  will  occur,  but  if  the  cloth  is  moist  it  will  be  bleached 

Ab  oxidizmg  agents  are  those  which  reaUy  transfer  oxygen 
to  other  substances  which  are  thereby  subjected  to  oxidation  so 
reductng  agents  are  those  which  take  away  oxygen  and  effect 
reduction.  Sulphur  dioxide  is  a  typical  redudfg  agent  iS 
powers  as  an  antiseptic  and  as  a  medium  for  bleaching  silk'&c 
being  due  to  its  affinity  for  oxygen.  Chlorine  bleaches  in  con- 
sequence of  Its  bringing  about  the  oxidation  of  the  colourinff 
matter  ;  sulphur  dioxide  bleaches,  on  the  contrary,  in  consequence 
of  Its  reducing  action.  The  one  liberates  oxtjgen  from  water- 
da        +     H3O     =     2HC1     -f  0 

A.1       ji      !•!  ,  Nascent  oxygen, 

the  other  liberates  hydrogen — 

H2SO3    +     H2O     =     H3SO4    +  H, 

Sulphurous  acid.  Sulphuric  acid. 

On  the  large  scale  in  the  bleaching  of  cotton  cloth  or  linen  there 
IS  usuaUy  a  preliminary  treatment  with  weak  solutions  of  alkali 
for  the  purpose  of  removing  fatty  and  other  matters  which  would 
interfere  in  the  bleaching  operation  proper.  The  material  is  then 
passed  through  weak  bleaching  powder  solution  (the  "  chemick- 
ing  "  process)  and  allowed  to  stand  some  hours,  after  which  it  is 
washed  and  passed  through  very  dilute  hydrochloric  or  sul- 
phuric acid  (the  "  souring  "  process) 

n 

Ca<OGl  +  H2SO4  =  CaS04  +  H2O  +  CI3. 

Finally  it  is  well  washed,  the  object  of  the  souring  and  washing 
being  to  decompose  and  remove  any  bleaching  agent  which  still 
remains  and  the  oxidized  colouring  or  other  matters. 
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Compounds  of  Hydrogen  with  the  Halogens. -The 
chemical  affinity  of  these  elements  for  hydrogen  and  for  metals 
shows  a  gradation  from  fluorine  to  iodine  decreasing  with  the  increase 
of  atomic  weight.  Thus,  if  we  consider  the  stabUity  of  the 
compounds  of  these  elements  with  hydi-ogen,  we  find  that  whilst 
hydrofluoric  acid  may  be  strongly  heated  without  decomposition, 
hydriodic  acid  is  decomposed  almost  completely  by  exposure  to 
light,  or  by  heating  to  dull  redness. 

Also,  fluorine  combines  with  hydrogen  directly  under  all  cir- 
cumstances, and  will,  as  we  have  seen,  even  decompose  water  at 
ordinary  temperatures  by  reason  of  its  great  aQinity  for  hydrogen. 
Chlorine,  however,  only  combines  with  hy(h'ogon  under  the 
stimulus  of  heat  or  light,  and  the  direct  c(  mbination  witli 
bromine  and  iodine  is  effected  with  difliculty. 

It  is  worthy  of  remark  that  their  affinity  for  oxygen,  on  the 
contrary,  increases  with  the  increase  of  atuiuic  weight,  so  that 
fluorine  has  not  under  any  circumstances  been  induced  to 
combine  with  oxygen ;  it  is  indeed  the  only  element  which  forms 
no  compound  with  oxygen. 

Preparation  and  Properties  of  Hydrofluoric  Acid, 
HP. — This  gas  is  obtained  when  a  fluoride  is  gently  heated 
with  concentrated  sulphuric  acid  ;  calcium  fluoride  (fluorspar) 
is  generally  used  in  its  preparation,  a  platinmu  or  leaden  retort 
being  used,  since  glass  is  rapidly  acted  upon  by  the  gas.  The 
equation  representing  the  reaction  is — 

CaFj      +      H28O4      =      CaS04       +      2  HF 
Calcium  fluoride.   Sulphuric  acid.     Calcium  sulphate.     Hydrofluoric  acid. 

The  pure  acid  is  obtained  by  heating  hydrogen  potassium 
fluoride,  KHFg,  in  a  platinum  retort  with  a  delivery  tube  and 
receiver  both  of  platinum  and  both  kept  cool  by  a  freezing 
mixture  : — 

KHF2  =  HF  +  KF 
Hydrofluoric  acid  at  ordinary  temperatures  is  a  highly  corrosive 
gas,  which  fumes  in  moist  air,  and  may  be  condensed  to  the  liquid 
form  in  a  freezing  mixture  ;  this  liquid  boils  at  19°  C.  The  gas 
at  ordinary  temperatures  has  a  density  of  20,  corresponding  to  the 
formula  H2F2,  but  on  gently  warming,  its  density  diminishes 
rapidly,  and  approaches   the  value   10,  corresponding  to  the 
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rn::::;r::fn:tXprti::'^  conveniently  be  used  for 

An  examination  of  the  elementary  properties  of  the  gas  may  be 
made  wuhout  actually  collecting  the  gas.  The  powdered  fluorspar 
18  gently  warmed  in  a  small  leaden  dish,  with  so  much  sulphuric 
acid  as  will  make  it  into  a  thin  paste.  The  fames  of  the  gas  must 
not  be  inhaled,  nor  should  the  acid  in  any  form  be  allowed  to 
come  in  contact  with  the  fingers. 

Coat  a  watch-glass  with  a  thin  layer  of  bees-wax,  scratch  on  it 
some  device,  and  expose  to  the  fumes  rising  from  the  dish  The 
surface  of  the  glass,  where  the  wax  has  been  removed,  will  be 
acted  upon  the  sUica  of  the  glass  being  converted  into  the  volatUe 
silicon  tetrafluoride,  thus — 

SiOs  +  4  HF  =  SiF^  +  2  HjO. 
Hydrofluoric  acid  attacks  most  metals  and  oxides  with  the 
formation  of  fluorides.  The  acid  fluorides  of  the  alkali  metals 
like  hydrogen  potassium  fluoride  (KHF^)  should  be  noticed 
because  the  other  halogen  acids  do  not  form  such  salts.  It  may 
be  remarked  also,  that  when  hydrogen  fluoride  is  quite  free  from 
water  it  does  not  attack  glass  :  simUarly  perfectly  dry  hydi-ogen 
chloride  does  not  attack  sodium. 

The  preparation  of  Hydrochloric  Acid  Gas,  HCl.— As 
the  student  will  already  be  familiar  with  the  preparation  of  this 
gas  it  is  not  necessary  to  give  it  here. 
The  preparation  of  Hydrobromic  and  Hydriodic  acids. 
These  compounds  are  best  prepared  by  the  action  of  water 
upon  the  phosphorus  compounds  of  bromine  and  iodine. 

Phosphorus  combines  directly  with  bromine  and  iodine,  forming 
PBrg  and  Pf^  respectively.  These  compounds  are  immediately 
acted  upon  by  water  thus — 

PI,  .  V  ^  =      H3PO4     +      5  HBr. 

Phosphorus  penta-bromide.  Phosphoric  acid,    Hydrobromic  add 

Plfi  +        4H2O     =     H3PO4     +      5  HI. 

Hydriodic  acid. 

It  is  not  necessary  to  previously  prep  ire  the  penta-bromide  or 
penta-iodide  of  phosphorus,  for  if  amorphous  phosphorus  and 
water  are  introduced  into  a  flask,  and  bromine  or  iodine  are  added 
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very  gradmUy,  and  then  the  flask  is  gently  warmed,  the  hydro- 
bromic  or  hydriodic  acid  gas  is  given  off. 


Fig.  15. 

It  is  first  passed  through  a  U  tube,  as  shown  in  Fig.  15, 
containing  amorphous  phosphorus,  to  absorb  any  free  bromine  or 
iodine  that  may  be  carried  over,  and  then  collected  by  downward 
displacement  or  over  mercury.  Both  these  gases  dissolve  very 
readily  in  water,  and  form  strongly  acid  solutions. 

Bromides  and  iodides,  like  fluorides  and  chlorides,  might  be 
expected  to  undergo  decomposition  when  treated  with  concen- 
trated sulphuric  acid,  evolving  hydrobromic  and  hydriodic  acids 
respectively  ;  but  as  a  matter  of  fact  these  acids  are  so  unstable 
that  they  themselves  decompose  in  presence  of  sulphurio  acid. 
Free  bromine  and  iodine  are  therefore  obtained  in  this  reaction, 
whilst  the  hydrogen  which  is  liberated  in  the  solution  acts  upon 
the  sulphuric  acid,  reducing  it  to  sulphurous  acid — 
(1)  2  H2SO4  +  2  KI  =  2  KHSO4  +  2  H  +  Ig. 

(2)  H2SO4  +  2  H  =  H2SO3      +  HjO. 
Summing  these  two  reactions  together,  we  have — 

(3)  3  H2SO4  +  2  KI  =  2  KHSO4  +  H2SO3  +  E.JD  +  1^ 
The  H2SO3  is  too  unstable  to  exist  as  such,  and  breaks  up  into 
H^O  +  SO2,  so  that  in  reality  we  obtain 

2  KHSO4  +  SO2  +  2  H2O  +  I3 
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acid^«L^'^  ^I*"^"?'  °f  ^"Iphuric  acid,  an 

ac«isuch  as  phosphoric  acid,  which  does  not  so  readily  und;r^o 
reduction  the  course  of  the  reaction  is  similar  to  that  wLh  tikes 
place  wjth  the  fluorides  and  chlorides,  and  the  respect  ve  add 
HBr  and  HI  are  obtained. 

Properties  of  Hydrobromic  and  Hydriodic  Acids.- 
Ihese  are  both  colourless  gases,  which  neither  bui-n  nor  support 
combustion  they  have  an  extremely  irritating  odour  and  fume 
when  brought  mto  contact  with  air.  Both  gases  are  very  soluble 
m  water  forming  solutions  very  simHar  to  that  of  hydrochloric 
acid,  thus  when  a  dUute  solution  of  hydrobromic  acid  is  heated 
water  distils  off  untfl  the  remaining  liquid  contains  48  per  cent,  of 
MBr  when  the  solution  distHs  over  unchanged.  SimUarly  a  dUute 
solution  of  hydi-iodic  acid  distfls  unchanged  when  it  contains 
o7-7  per  cent,  of  HI. 

Both  HBr  and  HI  are  easUy  liquified  and  both  are  decomposed 
by  chlorine  2  HBr  +  CI2  =  2  HCl  +  Brj 

2HI  +  Cl2  =  2HCl  +  l8 

The  Salts  of  tlie  Haloid  Acids.-By  the  replacement  of 
the  hydrogen  in  the  haloid  acids  by  metals,  fluorides,  chlorides 
bromides  and  iodides  are  formed  ;  ' 

KH0  +  HI  =  KI  +  H30 
these  form  a  distinct  class  of  salts,  differing  from  all  others  in 
containing  no  oxygen.    The  methods  of  preparing  these  haloids 
salts  are  : — 

(1)  Direct  combination  of  elements  with  the  halogens. 

(2)  Solution  of  the  metal,  the  oxide,  hydrate,  or  carbonate  in 

the  acid. 

(3)  The  addition  of  the  acid  or  a  soluble  haloid  salt  to  a  solution 

of  a  salt  of  the  metal  with  the  production  of  an  insoluble, 
or  slightly  soluble,  haloid  salt.  ' 
The  chlorides,  bromides  and  iodides  resemble  one  another  very 
closely,  being  soluble  in  water  with  very  few  exceptions,  i.p. 
the  mercurous,  silver  and  lead  salts.    The  alkaline  bromides  are 
decomposed  by  chlorine  and  alkaline  iodides  by  both  chlorine  and 
bromine,  thus  when  chlorine  water  is  added  to  a  solution  of  KBr, 
fhe  liquid  becomes  brown  fi-om  the  liberation  of  bromine. 
2KBr  +  Cl2=:2KCl  +  Bra. 
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By  shaking  the  liquid  with  a  few  drops  of  chloroform  the 
bromine  dissolves  out,  forming  a  deep  red  solution. 

The  fluorides  difEer  from  the  other  haloid  salts  in  many  respects 
thus  silver  fluoride  is  soluble  in  water  whUst  AgCl,  AgBr,  and 
Agl  are  each  insokible  and  conversely  calcium  fluoride  is  insoluble 
whilst  the  otlier  haloid  salts  of  calcium  are  soluble. 

Tests  for  the  halogen  acids  and  their  salts, 

1.  A  solution  of  silver  nitrate,  AgNOj,  when  added  to  a  solution 

of  a  halogen  acid  or  haloid  salt,  gives  with 

Hydrochloric  acid,  a  white  curdy  precipitate  of  silver 
chloride  AgCl,  soluble  in  ammonia,  insoluble  in  nitric  acid. 

Eydrdbromic  acid,  a  pale  yellow  precipitate  of  silver 
bromide,  AgBr,  soluble  in  strong  ammonia,  insoluble  in 
nitric  acid. 

Hydriodic  acid,  a  yellow  precipitate  of  silver  iodide,  Agl, 
insoluble  in  ammonia  and  nitric  acid. 

2.  Free  HCl,  HBr,  or  HI,  heated  with  manganese  dioxide,  or 

tlieir  salts,  heated  with  manganese  dioxide  and  sulphuric 
acid,  evolve  chlorine,  bromine,  and  iodine  respectively,  and 
these  elements  are  easily  recognized  by  their  colour,  smell, 
and  bleaching  action. 

3.  Chlorine  water  (which  must  not  be  in  excess)  added  to  a 

bromide  or  iodide  liberates  bromine  or  iodine,  and  on 
shaking  the  liquid  with  carbon  bisulphide,  the  bromine 
imparts  to  it  a  red  colour  and  the  iodine  a  violet  colour. 
Oxides  and  Oxy- Acids  of  Chlorine.— Only  two  oxides  of 
chlorine  (CI2O  and  CIO2)  are  known,  and  these  are  very  unstable 
bodies,  and  readily  undergo  decomposition  with  explosion. 

Chlorine  monoxide,  ClgO,  is  prepared  by  the  action  of  dry 
chlorine  on  well-cooled  and  freshly  precipitated  mercuric  oxide. 
HgO  +  2  CI2  =  HgClg  +  CI2O. 
Chlorine  peroxide,  ClOg,  is  obtained  by  the  action  of  sulphuric 
acid  on  potassium  chlorate.  The  sulphuric  acid,  of  which  a  large 
excess  is  taken,  must  be  kept  cool  in  a  freezing  mixture  and  the 
potassium  chlorate  added  little  by  little  ;  on  gently  heating,  CIO2 
is  given  off  as  a  yellow  gas.  EiuMorine,  which  is  obtained  on 
warming  potassium  chlorate  with  concentrated  hydrochloric  acid, 
consists  of  a  mixture  of  this  gas  with  chlorine. 
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Three  oxy-acids  of  chlorine  are  known— 
Hypochlorous  acid  HCIO. 
Chloric  acid  HCIO3. 
Percliloric  acid  HCIO4. 
Hypochlorous  acid,  HCIO,  is  a  very  unstable  body,  and  only 
known  in  dilute  solution.    Tlie  free  acid  is  a  powerful  bleaching 
agent.    Hypochlorous  acid  may  be  prepared— 

(1)  By  shaking  up  together  precipitated  mercuric  oxide  and 
chlorine  water.  We  have  seen  that  in  the  absence  of  water  CLQ 
is  formed. 

_  (2)  By  distilling  a  solution  of  a  hypochlorite  with  very  dilute 
nitric  acid. 

Hypochlorites  may  be  prepared  by  the  action  of  chlorine  on 
caustic  alkalies  when  kept  quite  cool — 
2NaOH     +     CI2     =     NaCl     +     NaClO     +  HjO 

Sodium  hypoolilorite. 
The  most  important  derivative  of  this  acid  is  bleaching  powder, 
obtained  by  passing  chlorine  over  dry  calcium  hydrate.  Mineral 
acids  or  even  carbon  dioxide  act  on  the  hypochlorites  and  liberate 
chlorine,  and  it  is  for  use  in  this  way  that  bleaching  powder  is 
produced  on  a  large  scale. 

CMoric  acid,  HCIO3.— The  acid  has  not  been  obtained 
anhydroufi,  the  strongest  chloric  acid  containing  more  than  half 
its  weight  of  water.  In  this  form  it  is  a  syrupy  liquid  which 
readily  decomposes  by  heat  or  in  presence  of  oxidizable  sub- 
stances. It  is  obtained  by  adding  dilute  sulphuric  acid  to  a 
solution  of  barium  chlorate  in  just  sufficient  quantity  to  combine 
with  the  whole  of  th(i  barium. 

Ba(C103)2  +  H2SO4  =  BaS04  +  2  HCIO3. 
Tike  chlorates  are  all  soluble  in  water.    The  alkaline  chlorates 
are  prepared  by  the  action  of  chlorine  on  hot  concentrated  solutions 
of  caustic  alkalies,  the  reaction  taking  the  form — 
6  KOH     +     3  CI2    =     KCIO3     +     5  KCl     +     3  II2O. 

Potassium  chlorate. 

The  chlorate  being  much  more  insoluble,  can  be  readilj' 
separated  from  the  chloride  by  crystallization. 

Percliloric  Acid,  HCIO^. — Prepared  by  distilling  potassium 
perchlorate  in  a  small  retort  with  concentrated  sulphuric  acid. 
KCIO4  +  H2SO4  =  KHSO4  +  HCi04. 
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It  is  a  heavy  oily  liquid  which  fumes  in  air,  and  although 
possessed  of  considerable  stability  in  the  pure  condition,  it  readily 
decomposes  in  the  presence  of  organic  matter.  It  is  a  very 
powerful  oxidizing  agent,  and  detonates  strongly  when  dropped 
on  to  dry  charcoal ;  it  sets  fire  to  paper  when  brought  into  contact 
with  it. 

The  perchlorates  are  soluble  in  water  and  are  more  stable 
than  the  chlorates.  They  are  distinguished  from  the  chlorates 
by  yielding  no  enchlorine  when  warmed  with  hydrochloric  acid. 

When  potassium  chlorate  is  fused  and  the  heat  continued  till 
the  mass  becomes  pasty,  potassium  perchlorate  is  formed,  the 
change  which  has  taken  place  being — 

2  KCIO3  =  KCIO4  +  KGl  +  O2. 

The  perchlorate,  being  more  insoluble  than  the  chloride,  may 
be  obtained  by  dissolring  the  mass  in  water  and  allowing  the 
perchlorate  to  crystallize  out. 

If  the  chlorate  be  strongly  heated  for  some  time  the  whole  of 
the  oxygen  is  given  off  and  the  chloride  remains  as  a  residue— 
2  KCIO3  =  2  KCl  +  3  O2. 

Oxy-acids  of  bromine.— No  oxides  of  bromine  are  known, 
and  of  the  oxy-acids  only  the  hypobromoics  acid,  HBrO,  and  the 
bromh  acid,  HBrO^,  have  been  prepared. 

These  are  prepared  by  methods  resembling  those  used  for  the 
corresponding  chlorine  compounds,  with  which  they  also  agree  in 
their  general  properties. 

Oxides  and  oxy-acids  of  iodine. — Only  one  oxide  of  iodine, 
the  pentoxide,  J^O^,  is  known  with  certainty,  whilst  of  the  oxy- 
acids,  iodic  acid,  HIO^,  and  periodic  acid,  HIO^,  have  been 
obtained. 

Iodine  pentoxide  is  a  white  crystalline  powder  obtained  by 
heating  iodic  acid  to  180°  C. — 

2  HIO3  =  lA  +  H2O. 
At  300°  G.  it  is  decomposed  into  iodine  and  oxygen. 

Iodic  acid. — Concentrated  nitric  acid  has  no  action  on  chlorine, 
but  when  heated  with  iodine,  iodic  acid  is  formed.  It  is  also 
produced  when  chlorine  is  passed  into  water  in  which  iodine  is 
suspended — 

5  CI2  +  6  II2O  -f  2  I  =  2  HIO3  +  10  HCl. 
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It  18  soluble  in  water,  and  is  a  powerful  oxidizing  agent. 

The  lodates,  like  the  chlorates,  readily  part  with  oxygen  on 
heating,  leaving  iodides.     They  are  formed  by  the  acfion 
caustic  alkalies  on  iodine,  the  reaction  either  in  the  hot  or  cold 
solution  taking  a  similar  course  to  that  which  occurs  with  chlorine 
m  the  hot  solution — 

6KOH+3l2  =  KI03  +  5KI  +  3H„0. 
Periodic  acid,  HIO,.-If  percliloric  acid  be  acted  upon  by 
lodme,  periodic  acid  is  formed  and  chlorine  liberated— 
_  2  HCIO,  +     =  2  mo,  +  CI2. 

Periodates  of  the  alkalies  may  be  prepared  by  the  action  of 
chlorine  on  the  iodate,  and  in  presence  of  caustic  alkali  other 
periodates  by  double  decomposition  of  these  with  soluble  salts 
of  the  metals. 

KIO3  +  3  KOH  +  CI,  =  K3H3IO6  +  2  KCl 
Barium  periodate  is  a  body  of  great  stability,  and  may  be 
obtained  by  heating  barium  iodate  to  redness. 


CHAPTER  VI. 
PHOSPHORUS. 

Occurrence  -Phosphate  of  lime,  CasCPO.).  the  principnJ 
Bource  of  phosphorus,  forms  the  essential  constituen  of  the 
mineral  apatite,  and  of  bone-ash.  The  former  occurs  in  the  older 
formations  of  the  earth's  crust  as— 

Chlorapatite,  3  Ca3(P04)2.  OaOlg ; 
and  Fiiiorapatite,  3  Ca3(P04)2.  CuFg. 
Bone-ash  is  obtained  by  the  dry  distillation  of  bones. 

In  small  quantities  phosphates  are  very  widely  distributed, 
all  fertile  soils  contain  a  small  percentage,  and  they  are  always 
found  ill  plants,  being,  like  nitrogen,  essential  to  plant-life. 

Preparation  of  phosphorus.-The  first  step  in  the  prepara- 
tion of  phosphorus  from  bone-ash  consists  in  treating  it  witli 
sulphuric  acid,  whereby  a  double  decomposition  takes  place— 
Ca3(P04)2  +  3  H2SO4  =  3  CaS04  +  2  H3PO4. 
When  the  decomposition  is  complete,  the  product  is  filtered 
through  a  bed  of  cinders  ;  the  calcium  sulphate  remains  on  the 
filter,  and  the  phosphoric  acid  passes  through. 

The  liquid  is  then  concentrated,  mixed  with  charcoal,  and 
further  heated  almost  to  dryness,  the  phosphoric  acid  losing 
water  and  being  converted  into  metaphosphoric  acid— 
H3P04  =  HP03-l- H2O. 
Finally,  the  granular  product  is  heated  to  full  redness  in  clay 
retorts  placed  horizontally  in  series  over  a  fire,  when  the  following 
reaction  takes  place — 

2  HPO3     6  C  =  H2  -1-  6  CO  -1-  2  P. 
Luted  into  the  mouth  of  each  retort  is  an  iron  pipe,  bent  at 
right  angles  and  dipping  into  water ;  the  vapour  of  phosphorus 
IB  thus  led  into  the  water,  and  there  condensed  out  of  contact 
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With  air.  The  temperature  of  the  water  is  high  enough  to  keep 
the  phosphorus  m  the  liquid  state,  and  it  can  be  run  off  or  ladled 
out  from  time  to  time.   It  is  further  refined  by  re-melting  in 
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water,  and  filtering  through  chamois  leather  or  canvas  to  remove 
suspended  matter,  and  then  finally  cast  into  sticks. 

Properties  of  phosphorus.— The  phosphorus  so  obtained  is 
a  yellowish,  translucent  solid  which  can  be  readily  cut  with  a 
knife.  It  has  a  specific  gravity  of  1-82,  it  melts  at  43°  C,  and 
boils  at  269°  C.  It  is  insoluble  in  water,  but  readily  dissolves 
in  bisulphide  of  carbon.  It  is  kept  under  water,  since  when  ex- 
posed to  air  it  slowly  oxidizes,  and  even  at  34°  0.  ignites  and  burns 
with  great  brilliancy.  It  combines  also  at  ordinary  temperatures 
with  fluorine,  chlorine,  bromine,  iodine,  and  sulphur,  and  in  the 
finely-divided  condition  with  oxygen,  with  the  evolution  of  light 
and  heat. 

Phosphorus  may  be  obtained  in  two  other  allotropic  modifica- 
tions, the  red  or  amorphous  phosphorus,  and  the  crystalline 
form  (rhombohedra). 
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Amorphous  phosphorus  is,  according  to  its  metliod  of  pre- 
paration, a  reddisli-brown  powder  or  a  close-textiired  mass 
showing  conchoidal  fracture.  This  form  is  prepared  on  tho 
large  scale  by  heating  ordinary  phosphorus  at  250°  C.  in  cast- 
iron  pots  from  which  the  air  is  excluded,  and  removing  the 
unconverted  phosphorus  which  remains,  by  boiling  the  finely- 
divided  product  with  caustic  soda  solution.  On  a  small  scale  in 
the  laboratory  it  may  readily  be  obtained  by  heating  ordinary 
phosphorus  in  an  atmosphere  of  nitrogen  or  carbon  dioxide. 
The  amorphous  phosphorus  differs  very  considerably  in  its 
properties  from  that  already  described.  It  has  a  higher  specific 
gravity  (2-14),  and  is  insoluble  in  bisulphide  of  carbon.  It 
undergoes  no  change  in  air  at  ordinary  temperatures,  and  may 
be  freely  handled  without  danger ;  it  combines  with  oxygen,  the 
halogens,  and  sulphur  at  much  higher  temperatures  than  ordinary 
phosphorus.    Unlike  ordinary  phosphorus,  it  is  not  poisonous. 

Lucifer  matches  are  tipped  with  a  mixture  of  phosphorus  and 
certain  substances,  such  as  lead  dioxide  and  potassium  nitrate, 
which  readily  part  with  oxygen.  "  Safety"  matches  contain  no 
phosphorus,  being  tipped  with  a  mixture  of  antimony  sulphide 
(SbgSj),  the  sulphur  being  the  inflammable  body,  and  potassium 
chlorate ;  in  this  case  the  match  is  ignited  by  rubbing  it  on  a 
prepared  surface  of  red  phosphorus  and  powdered  glass.  In 
either  case  the  heat  requisite  to  promote  chemical  action  and  to 
ignite  the  phosphorus  is  generated  by  friction  on  a  rough  surface. 

Crystalline  phosphorus  is  obtained  by  heating  phosphorus 
in  a  sealed  tube  along  with  metallic  lead  and  allowing  it  to  cool, 
subsequently  removing  the  lead  by  dissolving  it  in  dilute  nitric 
acid. 

Hydrides  of  Phosphorus. 

Phosphorus  forms  three  hydrides — 

Gaseous  phosphoretted  hydrogen  or  phosphine  PHg. 

Liquid  phosphoretted  hydrogen  

Sohd  phosphoretted  hydrogen    P4H2. 

PHOSPHORUS  THIHYDRIDE,  PHg.— This  gas,  which 
is  the  analogue  of  ammonia,  is  obtained  by  heating  phosphorus 
in  a  flask  with  a  solution  of  caustic  soda.  As  obtained  in  this 
way  it  is  mixed  with  small  quantities  of  the  liquid  and  solid 
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hydrides  which  render  it  spontaneously  inflammable  in  air,  the 
air  is  therefore,  previous  to  heating,  displaced  from  the  apparatus 
by  hydrogen,  and  the  end  of  the  delivery  tube  must  dip  under 
water  as  shown  (Fig.  17).    The  reaction  which  takes  place  is— 
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4  P    +    3  NaOH    +    3  HjO    =    3  NaHaPOg    +  PHg. 

Sodium  hypophosphite. 
It  is  also  formed  when  phosphide  of  calcium  (obtained  by 
heating  together  lime  and  phosphorus  in  a  closed  crucible)  is 
brought  into  contact  with  water. 

Properties  of  PH3. — It  is  a  colourless  gas  which  condenses 
only  when  cooled  to  —  90°  C.  It  is  very  slightly  soluble  in 
water,  and  possesses  a  penetrating  garlic-like  odour  which  is 
evident  even  with  very  small  quantities  of  the  gas  ;  it  is  very 
poisonous.  If  free  from  other  hydrides,  it  is  not  inflammable  in 
air  at  ordinary  temperatures ;  heat  decomposes  the  gas  into 
its  elements  more  readily  than  the  corresponding  nitrogen 
compound,  NH3. 

Just  as  ammonia  combines  directly  with  the  haloid  acids  HCl, 
HBr,  etc.,  to  form  ammonium  chloride,  ammonium  bromide,  etc., 
so  phosphorus  trihydride  forms  similar  compounds.  The  com- 
bination with  hydriodic  acid  to  form  phosphonium  iodide — 

PH3  +  HI  =  PHJ 
takes  place  very  readily.    This  body  may  be  used  as  a  source  of 
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pure  PH3  by  acting  upon  it  with  potash  or  soda,  the  reaction 
being  analogous  to  that  employed  in  the  preparation  of  ammonia — 
PHJ   +  NaOH  =  PH3  +  Nal   +  H3O. 
NH4CI  +  NaOH  =  NH3  +  NaCl  +  H2O. 

Liquid  hydride  of  phosphorus,  P2H4. — This  is  obtained  when 
calcium  phosphide  is  acted  upon  by  water  at  60°C.  If  the  product 
be  passed  through  a  U-tube  surrounded  by  a  freezing  mixture 
the  hydi-ide  condenses  to  a  clear  liquid  which  takes  fire  when 
exposed  to  air  at  ordinary  temperatures. 

Solid  hydride  of  phosphorus,  P4H2.— This  is  a  yellow  bulky 
powder  obtained  when  the  other  hydrides  are  exposed  for  some 
time  to  light  or  brought  into  contact  with  hydrochloric  or 
sulphuric  acid.    It  does  not  ignite  below  200°C. 

The  Oxides  and  Oxy-acids  of  Phosphorus. 


Oxides. 

Corresponding  Acida. 

P4O 

P2O  (not  known 

in  free  state) 
P3O3  (P4O6) 
P2O4 
P2O5 

Hypophosphorus  acid,  HaPOs  or  3  H2O.  P2O. 

Phosphorus  acid,          H3PO3  or  3  H2O.  P2O3. 
Hypophosphoric  acid,   H4P2O6  or  2  H3O.  P3O4. 
Orthophosphoric  acid,   H3PO4  or  3  H2O.  P2O5. 
Pyrophosphoric  acid,    H4P2O7  or  2  HoO.  P2O5. 
Metaphosphoric  acid,    HPO3  or  H2O.  P2O5. 

The  more  important  are  the  phosphorous  oxide  and  the  phos- 
phorous pentoxide,  and  the  acids  derived  from  them. 

Phosphorus  Suboxide,  P4O.— This  is  the  lowest  oxide  of  phos- 
phorus. It  is  a  yellow  powder  obtained  (mixed  with  other 
oxides)  when  phosphorus  is  oxidized  in  a  limited  supply  of  ah-  or 
when  phosphorus  is  dissolved  in  phosphorus  trichloride  and 
exposed  to  light  in  contact  with  air. 

Hypophosphorus  Acid,  H3PO2,— The  oxide  corresponding  to 
this  acid  has  not  been  obtained.    The  acid  is  monobasic,  only  one 

ADV.  OHEM.  I 


114 


PHOSPHOBUS. 


of  the  three  hydrogen  atoms  being  replaceable  by  a  metal 
Sodium  hypophosphite  is  formed  when,  in  the  preparation  of 
phosphorus  trihydride,  phosphorus  is  acted  upon  by  caustic  soda. 
The  free  acid  is  best  prepared  from  barium  hypophosphite 
obtamed  in  the  analogous  reaction  of  barium  hydrate  and 
phosphorus. 

3  Ba(0H)3  +  8  P  +  6  H3O  =  3  BaH4P304  +  2  PH3 
Sulphuric  acid  is  added  to  the  barium  salt  just  sufficient  to  form 
the  insoluble  barium  sulphate  ;  the  supernatant  liquid  on  evapora- 
tion yields  the  acid  in  white  crystals. 

BaHiPaOi  +  H3SO4  =  BaS04  +  2  H3PO3. 
The  free  acid  and  its  alkaline  salts  are  powerful  reducing  agents 
and  precipitate  the  metal  from  solutions  of  gold,  silver,  mercury, 
and  some  other  salts ;  with  sulphate  of  copper  the  product 
obtained  is  the  hydi-ide  of  copper. 

Phosphorous  oxide,  PiOg.— Phosphorous  oxide  or  anliydride 
is  obtained  when  phosphorus  is  exposed  to  oxidation  in  air  at 
ordinary  temperatures,  or  when  it  is  burnt  in  a  limited  supply  of 
air.  This  may  be  effected  by  placing  a  small  piece  of  dry 
phosphorus  in  a  tube  drawn  out  so  as  to  form  a  fine  orifice,  the 
other  end  of  the  tube  being  connected  with  an  aspirator. 

The  phosphorus  is  gently  warmed,  and  then  a  slow  stream  of 
dry  air  is  drawn  through  the  tube.  The  phosphorous  oxide 
collects  in  the  tube  as  a  white  powder,  which  on  exposure  to 
moist  air  ignites,  forming  tlie  higher  oxide  PgOg. 

Phosphorous  acid,  H3PO3,  is  prepared  by  the  action  of  excess 
of  water  on  phosphorus  trichloride — 

PCI3  +  3  H2O  =  H3PO3  +  3  HCl. 
Tlie  hydrochloric  acid  is  easily  volatiHzed  by  heating  the 
product  on  a  water-bath,  phosphorous  acid  remaining.    It  is  a 
reducing  agent,  as  it  readily  takes  up  oxygen,  and  is  transformed 
into  ordinary  phosphoric  acid,  H3PO4. 

Phosphorus  tetroxide,  P2O4  is  obtained  in  white  crystals 
when  the  products  of  combustion  of  phosphorus  in  a  limited 
supply  of  air  are  sublimed  in  vacuo  at  290°  C.  The  oxide  is 
deliquescent  and  in  presence  of  moistm-e  passes  readily  into 
phosphorous  and  phosphoric  acids  : 

P,04  -I-  3  HaO  =  H3PO3  +  H3PO4.. 
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PHOSPHORUS  PENTOXIDE,  PaOg.— Whenever  phos- 
phorus is  burnt  in  an  excess  of  dry  oxygen  or  air  this  oxide  is 
formed.  The  operation  may  be  performed  in  a  glass  bolt-head 
with  two  side  tubes,  through  one  of  which  passes  air  dried  over 
fused  calcium  chloride,  and  through  the  other  the  fumes  are 
aspirated,  a  bottle  being  placed  between  the  aspirator  and  the 
Bide  tube  to  intercept  the  phosphorus  pentoxide  (Fig.  18).  A 


small  piece  of  phosphorus  carefully  dried  between  filter  paper  is 
introduced  through  the  neck  of  the  bolt-head  into  a  small  bawin 
attached  as  shown,  and  then  successively  other  pieces,  until 
sufficient  of  the  oxide  has  been  prepared.  After  the  first  piece 
has  been  ignited  by  touching  it  with  a  hot  wire,  the  basin  will 
be  hot  enough  to  start  the  combustion  of  the  subsequent  portions 
as  they  are  dropped  into  it.  The  pentoxide  so  obt  iined  always 
contains  phosphorous  oxide,  from  which  it  may  be  freed  by  pass- 
ing it  in  the  gaseous  form  along  with  oxygen  over  gently  heated 
finely  divided  platinum.  Compare  preparation  of  sulphur  trioxide. 

Properties  of  P2O5. — ^The  oxide  is  an  amorphous  white 
powder,  which  when  left  in  contact  with  moist  air  gradually 
absorbs  moisture  and  deliquesces.  When  thrown  into  water  it 
combines  with  it  with  a  hissing  noise,  and  forms  metaphosphoric 
acid,  HPO,. 

PjOg  +  Rf>  =  2  HPO3. 
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Its  great  affinity  for  water  renders  it  a  valuable  agent  for 
completely  drying  gases,  whilst  in  contact  with  acids  it  frequently 
deprives  them  of  water,  forming  anhydrides— 

H2SO4  +  PgOg  =  2  HPO3  +  SO3. 
2  HNOg  +  P^Og  =  2  HPO3  +  NA. 
Similarly  it  chars  wood,  paper,  and  many  organic  substances  by 
its  dehydrating  action. 

ORDINARY  PHOSPHORIC  ACID,  or  Orthophosplioric 
Acid,  H3PO4.— This  acid  is  prepared  by  the  action  of  nitric  acid 
on  ordinary  phosphorus,  or  by  boiling  for  some  time  a  solution 
of  metaphosphoric  acid. 

If  a  few  pieces  (say  10  grammes)  of  phosphorus  be  introduced 
into  a  large  retort,  and  150  c.c.  of  a  mixture  of  one  part  of  nitric 
acid  to  two  parts  of  water  be  poured  upon  them,  and  the  mixture 
be  heated  cautiously,  red  fumes  of  oxides  of  nitrogen  wUl  be 
evolved  by  the  reduction  of  the  nitric  acid— 

4  P  +  10  HNO3  +  H,0  =  4  H3PO4  +  5 

If  the  heating  is  continued  in  such  a  manner  as  to  keep  the 
liquid  about  its  boiling-point,  but  so  that  as  little  as  possible 
distils  over  until  the  phosphorus  has  all  disappeared,  and  red 
fumes  are  no  longer  generated,  the  acid  can  then  be  distilled  over 
until  that  remaining  has  a  syrupy  consistency,  more  red  fumes 
being  evolved  at  this  stage  through  the  oxidation  of  some  phos- 
phorous acid.  Finally,  the  thick  liquid  can  be  transferred  to  a 
porcelain  dish  and  evaporated  so  long  as  strongly  acids  fumes 
(HNO3)  are  given  o£E. 

As  trichloride  of  phosphorus  when  treated  with  excess  of 
water  yields  phosphorous  acid,  so  the  pentachloride,  by  similar 
treatment,  gives  ordinary  phosphoric  acid — 

PCI5  -1-  4  H2O  =  H3PO4  -1-  5  HCl. 
Phosphoric  acid,  when  sufficiently  concentrated,  crystallizes  on 
standing ;  it  is  a  tribasic  acid,  each  of  the  atoms  of  hydrogen 
being  replaceable  by  a  metal. 

The  phosphates. — Tlie  phosphates  of  the  alkalies,  sodium, 
potassium,  and  ammonium,  are  soluble  in  water,  and  are  obtained 
by  the  addition  in  solution  of  the  alkaline  hydrates  to  phosphoric 
acid.    The  amount  of  the  alkali  added  may  be  sufficient  to 
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replace  one,  two,  or  three  atoms  of  the  hydrogen  thu  8- 
NaOH  +  H3PO,  =  NaH2P04  +  H^O. 

40  98 

2  NaOH  +  H3PO4  =  Na^HPO^  +  2  H^O. 

80  98 

3  NaOH  +  H3PO4  =  NagPOi     +  3  H^O. 

120  98  .  o 

The  numbers  underneath  show  the  combining  proportions  ot 
caustic  soda  and  phosphoric  acid  required  to  form  such  salts. 
That  is  to  say,  if  to  98  grammes  of  phosphoric  acid  there  be 
added  40  grammes  of  caustic  soda  and  the  solution  evaporated 
the  salt  NaH2P04  will  be  obtained ;  if  80  grammes,  tlien  the 
salt  formed  will  be  NagHPO^,  and  if  120  grammes,  the  salt 
Na3P04  will  be  formed.  The  salt  in  which  the  whole  of  the 
hydrogen  is  replaced  is  known  as  the  normal  salt,  and  we  have 
here  an  instance  of  a  normal  salt  which  is  not  neutral  in  its 
reaction  with  litmus  but  alkaline. 

NaHgPO^,  Sodium  dihydrogen  phosphate— acid  reaction.^ 
NU2HPO4,  Disodium  hydrogen  phosphate— slightly  alkaline. 
Nii3P04,  Normal  sodium  phosphate— distinctly  alkaUne. 
In  "microcosmic  salt"  part  of  the  hydrogen  is  replaced  by 
sodium  and  part  by  ammonium,  Na.NH4.HPO4. 

The  normal  phosphates  of  the  alkaline  earths  (Ba,  Sr,  Ca)  and 
of  Mg,  Pb,  Ag,  and  indeed  of  all  the  other  metals,  are  insoluble 
in  water,  but  soluble  in  dilute  mineral  acids.  They  may  be  pre- 
pared by  adding  a  soluble  salt  of  the  metal  in  question  to  an 
aqueous  solution  of  an  alkaline  phosphate — 

2  Na3P04  +  3  CaCla    =  Ca3(P04)2  +  6  NaCl. 
Na3P04  +  3  AgN03  =  Ag3P04    +  3  NaNOg. 
Tests  for  phosphates. — (1)  Ferric  chloride  gives,  even  in 
presence  of  acetic  acid,  a  yellowish-white  precipitate  of  ferric 
phosphate.    (Arsenates  also  give  a  yellowish-white  precipitate.) 

(2)  Silver  nitrate  gives  a  pale  yellow  precipitate  of  silver 
phosphate.    (Arsenates  give  a  brick-red  precipitate.) 

(3)  Excess  of  ammonium  molybdate  in  the  presence  of  nitric 
acid  gives  a  bright  yellow  precipitate  of  phospho-molybdate  of 
ammonium  even  in  the  cold,  but  more  rapidly  on  warming. 
(The  arsenates  give  a  similar  precipitate  only  on  warming.) 
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(4)  The  presence  of  phosphorus  may  always  be  detected  by 
heating  a  httle  of  the  powdered  substance  along  with  magnesium 
filmgs  m  a  narrow  tube  and  then  moistening  the  product  with 
water.  Phosphoretted  hydrogen  is  given  off,  and  may  be  recog- 
nized by  Its  characteristic  odour. 

Pyrophosplioric  acid,  H.P^O^,  is  obtained  by  heating 
ordmary  phosphoric  acid  to  300°  C. 

2  H3PO,  =  +  Hp. 

As  with  the  phosphates,  the  salts  of  the  alkali  metals  are 
soluble  in  water,  those  of  the  other  metals  being  insoluble  in 
water  but  soluble  in  dilute  mineral  acids. 

Tests  for  pyrophosphates.— (1)  Silver  nitrate  gives  a  white 
precipitate  of  the  pyrophosphate,  thus  distinguishing  it  from  the 
phosphate. 

(2)  Pyrophosphoric  acid  does  not  coagulate  albumen. 

Metaphosphoric  acid,  HPO3,  is  obtained  when  oitho-  or 
pyrophosphoric  acid  or  their  ammonium  salts  are  strongly 
heated —  ° 

H3PO4  =  HPO3  +  H2O. 
Like  the  pyrophosphates  they  give  a  white  precipitate  with  silver 
nitrate,  but  metaphosphoric  acid  is  distinguished  by  the  fact  that 
it  coagulates  albumen. 

Compounds  of  phosphorus  with  the  halogens.  —  By 
direct  union  of  pliosphorus  with  these  elements,  bodies  of  the  type 
PX3  and  PXg  are  formed,  and  by  the  action  of  moisture  on  PCJg 
and  PBrg,  the  oxychlorides  POCI3,  and  oxybromides  P0Br3, 
respectively,  are  formed. 

Chlorides  of  Phosphorus,  PCI3  and  PCI5. 

When  phosphorus  burns  in  dry  chlorine,  phosphorus  trichloride, 
PCI3,  is  formed  as  a  colourless  fluid  whose  boiling-point  is  73°  C, 
and  if  excess  of  chlorine  be  present  the  trichloride  is  gradually 
transformed  into  the  pentachloride,  PCI5.  This  is  a  yellowish  solid 
substance  which  passes  directly  into  vapour  at  168°  C,  without 
melting,  undergoing  partial  decomposition  into  PCI3  and  Clg. 

In  presence  of  moisture,  PClg  slowly  changes  into  a  fuming 
liquid,  phosphorus  oxychloride,  POCI3 — 

PClg  +  H2O  =  POCla  +  2  HCl. 
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Phosphorus  trichloride  under  similar  circumstances  forms  phos- 
phorous acid—   XT  T^/^      o  Trni 

^  PCI3  +  3  H2O  =  H3PO3  +  3  HCl.  ^ 

This  tendency  to  combine  with  oxygen  and  liberate  chlorme 
renders  these  chlorides  valuable  reagents  for  substitutmg  chlorme 
for  oxygen  or  hydroxyl  (OH),  in  this  latter  case  elimmatmg 
HCl.  The  following  equations  represent  some  of  the  more  im- 
portant reactions  illustrating  this — 

SO3  +  PCI3  =  POCI3  +  SO2. 

SO2  +  PCI5  =  POCI3  +  SOCI2. 

-    so^jgg  +  PCI,  =  P0CI3  +  SO2  j^c? 

SO2  {        +  PCI5  =  POCI3  +  SO2CI2         +  HCl.  . 
C2H5OH  +  PClg  =  POCI3  +  C2H5.  CI       +  HCl. 

Ethyl  alcohol.  Ethyl  chloride. 

C2H3O.    OH    +  PClfi  =  P0C13  +  C2H3O.    01     +  HCl 
Acetic  acid.  Acetyl  chloride. 

CH3CHO    +  PClg  =  POCI3  +  CH3CHCI2. 
Aldehyde.  Ethylidene  chloride. 

By  the  action  of  an  excess  of  water  on  phosphorus  pentachloride 
orthophosphoric  acid  is  formed,  the  whole  of  the  chlorine  being 
eliminated  as  hydrochloric  acid — 

PCI5  +  4  H2O  =  H3PO4  +  5  HCl. 
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SILICON  AND  BORON. 

Occurrence.— Silicon,  occurring  in  combination  with  oxygen 
as  silica  (SiOg),  is  widely  distributed,  and  forms  the  predominant 
constituent  of  many  minerals  and  rocks.  Quartz,  agate,  and 
kieselguhr  (a  finely-divided  siliceous  material  of  organic  origin) 
are  essentially  pure  silica,  whikt  sandstone  must  be  regarded 
as  silica  associated  with  varying  quantities  of  oxide  of  iron, 
or  alumina.  Shale  or  clay  consists  of  silica  and  alumina 
in  more  or  less  definite  proportions,  and  a  large  body  of  mineral 
silicates  of  common  occurrence,  such  as  felspar,  serpentine, 
steatite,  are  very  rich  in  silica.  The  element  silicon  is  not  found 
in  the  free  state,  and  is  not  e  .sy  to  isolate  from  its  compounds, 
so  that  although  it  constitutes  nearly  one-fourth  of  the  mass  of 
the  earth's  crust,  it  is  yet  a  subst;iiice  rarely  met  with  even  in  the 
laboratory. 

Preparation  and  properties  of  silicon.— Silicon  is  obtained 
by  the  action  of  sodium,  potassium,  or  aluminium  on  silicon 
tetrachloride  (SiCli),  or  on  potassium  silico-fluoride  (KaSiFg),  in 
an  atmosphere  of  hydrogen,  or  under  such  other  conditions  as  to 
exclude  oxidation — 

SiCl^     +  4  K  =  4  KCl  +  Si. 

KaSiFg  +  4  K  =  6  KF  +  Si. 
The  residue  is  washed  free  from  the  potassium  salts,  which  are 
readily  soluble  in  water,  and  the  silicon  remains  usually  as 
a  brown,  amorphous  powder. 

A  crystalline  modification  of  silicon  is  also  obtained  under 
certain  conditions,  and  has  in  its  colour  and  lustre  a  considerable 
resemblance  to  graphite.  Silicon  also  resembles  carbon  in  that 
it  can  be  bnrnt  in  oxygen  (to  form  the  dioxide,  sUica)  and  at 
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ordinary  temperatures  fluorine  is  the  only  element  which  com- 
bines with  it  directly.    Acids  (except  HF)  have  no  action  upon  it 

Silicon  hydride,  SiH,.-By  heating  together  metallic  sod  mn 
and  potassium  silicofluoride  (after  the  manner  requisite  to  obtain 
silicon)  in  presence  of  anhydrous  magnesium  chloride,  an  alloy 
of  magnesium  and  silicon  is  obtained.  This,  on  treatment  with 
hydrochloric  acid,  forms  the  hydride,  SiH,  a  gaseous  body, 
analogous  to  marsh  gas,  CH,.  This  compound  is  not  very  stable, 
and  decomposes  at  a  red  heat  into  amorphous  silicon  and  hydro- 
gen In  presence  of  oxygen  or  chlorine  it  takes  fire  spontaneously, 
forming  silica  and  silicon  tetrachloride  respectively. 

Silicon  fluoride,  SiF^,  is  obtained  by  the  direct  umon_  of 
silicon  and  fluorine  at  the  ordinary^ temperature,  or  by  the  action 
of  hydrofluoric  acid  on  silica  or  a  silicate— 

■     SiOg  +  4  HF  =  SiF4  +  2  Hp. 

If  an  intimate  mixture  of  about  10  grammes  of  sflica  or  fine 
white  sand,  with  twice  its  weight  of  calcium  fluoride  or  finely- 
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powdered  fluorspar,  be  introduced  into  a  dry  8-ounce  flask,  fitted 
with  a  cork  and  delivery-tube,  as  shown  ia  the  figure,  and  enough 
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surface  of  this    If   aftpr  ^h.  t  ^  ^"^"^ 

™mu..,  so™  .il  the  c"dl%o::ed"ff  T'l" 

Silicon  fluoride  is  a  colourless  gas  which  fumes  in  moist  air 
and  has  an  irntant  effect  on  the  mucous  membrane,  even  more 
pronounced  than  that  of  hydrochloric  acid.  As  is  e;ident  from 
the  previous  experimenf,  it  is  decomposed  by  water 

Silicon  chloride,  SiCl„  is  a  fuming  liquid  obtained  either 
hke  the  fluonde,  by  the  direct  union  of  silicon  and  chlorine,  o 

of  chlorinf '  '''^''^     ^  ^'^'•^^"t 

'  ^'Oz  +  2  C  +  2      =  SiCl,  +  2  CO. 
With  water  it  forms  gelatinous  silica  and  hydrochloric  acid- 
SiCl^  +  4  H2O  =  H.SiO^  +  4  HCl 
Sihca,  Si02.-Thi8  is  the  only  known  oxide  of  silicon  It 
occurs  m  the  crystalline  form  as  quartz  and  tridymite,  and  in  the 
amorphous  form  as  opal,  flint,  and  agate.    It  may  also  be  prepared 
from  certain  mmeral  silicates,  or  silicates  of  the  alkalies  by  treat- 
ing them  with  hydrochloric  acid.     It  separates  at  first  in  the 
gelatinous  form  containing  water,  and  if  this  gelatinous  siliea 
be  heated  the  water  is  expelled,  and  anhydrous  silica  remains 

In  the  anhydrous  condition,  or  in  the  mineral  form,  silica  is 
unattacked  by  acids,  with  the  exception  of  hydrofluoric  acid  •  it 
can,  however,  be  brought  into  solution  again  by  fusion  with 
alkaline  carbonates. 
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If  some  sUica  and  about  four  times  its  weight  of  potassium 
carbonate  be  mixed  together  and  heated  in  a  platmum  crucible 
over  the  flame  of  a  Bunsen  burner,  the  mass  swells  up  and 
evolves  large  quantities  of  carbon  dioxide 

K2CO3     +     SiO^     =     KsSiOs  + 

Potassium  Silicate. 

If  after  heating  for  about  half-an-hour,  the  mass  is  allowed  to 
cool  and  extracted  with  water,  any  insoluble  matter  (unattacked 
sUica)  which  remains  being  filtered  ofE,  the  solution  contams 
potassium  sUicate,  together  with  potassium  carbonate,  which  has 
been  used  in  excess.  If  strong  hydrochloric  acid  be  added  to 
the  solution  until  a  marked  acid  reaction  is  obtamed,  and  the 
solution  be  sufficiently  concentrated,  a  flocculent  precipitate  of 
sUica  will  be  obtained.  If,  however,  the  solution  be  dilute, 
no  immediate  precipitate  is  obtained,  though  one  may  separate  on 
standing  or  by  boilini^. 

The  solution  contains  potassium  chloride,  free  hydrochloric 
acid,  and  silica,  and  from  such  a  solution  a  soluble  form  of  silica 
may  be  prepared.  Make  a  shallow  dish  by  binding  parchment 
paper  over  a  hoop  of  tin  or  gutta-percha,  float  this  on  a  consider- 
able body  of  water  (Fig.  20),  and  pour  the  liquid  into  it.  The 
potassium  chloride  and  hydrochloric  acid  will  slowly  pass  through 
the  membrane  and  diffuse  into  the  water,  while  the  silica  will 
remain  behind  in  solution  in  the  dish. 
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Sugar,  salt,  and  such  bodies  behave  like  potassium  chloride, 
and  readily  pass  through  such  a  membrane,  whilst  white  of  egg, 
caramel,  and  the  like,  only  do  so  extremely  slowly.  The  former, 
from  the  fact  that  they  are  mostly  crystal lizable  bodies,  have 
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been  termed  crystalloids,  and  the  latter,  from  their  gelatinous  and 
amorphous  natun,  colloids.  Silica  is  a  colloid,  anf  by  me  ns  of 
tins  experuuent  n  n,ay  be  separated  from  such  substances  as 
common  salt  and  potassium  chloride,  and  obtained  in  solution 
Under  these  circumstances  we  obtain  silica  in  a  form  in  winch  it 
IS  soluble  m  water. 

th^'T  ^  third  modification  intermediate  between 

nnv  h  ,  "'^r      ^''^'^^  precipitated  in  the  cold,  it 

may  be  red.ssolved  by  the  addition  of  dilute  hydrochloric  acid. 

On  s  ar,din,ir  and  n.ore  rapidly  when  boiled,  this  form  becomes 
much  less  soluble,  and  ultimately  passes  into  the  insoluble 
variety. 

To  sum  up  we  have — 

(1)  Mineral  silica  (crystalline  or  amorphous)  and  anhydrou-fl 
s.hca  insoluble  in  and  unattacked  by  the  ordinary  acids,  with 
the  exception  of  hydrofluoric  acid. 

(2)  Gelatinous  silica,  soluble  in  dilute  acids. 

(3)  Dialyzed  silica,  soluble  in  water. 

Gelatinous  silica  when  dried  at  the  ordinary  temperature  retains 
water,  and  has  approximately  the  composition  Si02,  2  H^O,  or 
U4!5i04,  usually  known  as  orthosilicic  acid. 

The  silicates.— These  salts  are  chiefly  interesting  from  the 
fact  that  they  are  largely  represented  in  the  mineral  kingdom  ; 
the  following  list  indicates  some  of  those  of  more  common 
occurrence — 

(1)  Silicates  of  magnesium. 

Olivine,  MgjSiO^,  or  2  MgO.  SiOg. 

Talc,  MgjHjSi^Oig,  or  3  MgO.  H^O.  4  SiO^. 

Serpentine,  Mg3Si207,  or  3  MgO.  2  SiO,. 

(2)  The  Felspars. 

Orthoclase,  KgAljSieOig,  or  K^O.  AI2O3.  G  SiOg. 

Albite,  NagAlaSigOig,  or  NajO.  AlgOg.  6  SiOg. 

Anorthite,  CaAlgSaOg,  or  CaO.  AI2O3.  2  SiOj. 
and  the  decomposition  product  of  the  felspars — 

Kaolin,  H2Al2Si208,  or  H2().  AI2O3.  2  SiOz- 
A  glance  at  this  list  is  sufficient  to  show  that  the  composition 
of  the  silicates  is  often  very  complex.    With  the  exception  of 
those  of  the  alkalies  they  are  all  practically  insoluble  in  water, 
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and  for  the  most  part  they  can  only  be  brought  i"to  solution 
dther  by  treatment  with  hydrofluoric  acid  or  by  fusion  with 
alkaline  carbonates. 

BORON. 

Occurrence.-Boron  is  chiefly  derived  from  native _  borax 
ma,B.O.  10  H^O),  obtained  by  the  condensation  of  steam  issuing 
Sm  £  ground  i^  certain  parts  of  Tuscany.  It  is  also  found  m 
combination  with  lime  as  calcium  borate,  the  mineral  borocalcite, 
CaB.O,  4  HoO,  and  as  boracite,  2  MgjBgOis.  MgLl^- 

Boron  is  obtained  by  reducing  its  oxide,  BA.  by  means  of 
sodium,  potassium,  or  magnesium— 

B2O3  +  6  Na  =  3  Na^O  +  2  B. 
It  is  thus  prepared  in  the  amorphous  condition  as  a  brown 
powder,  which  is  very  difficult  to  fuse  and  not  readily  oxidized. 
Like  otlier  non-metals,  it  is  a  bad  conductor  of  electricity. 

When  mixed  with  ahnninium,  exposed  to  a  white  heat  and 
allowed  to  cool,  the  crystalline  form  of  boron  is  obtained,  the 
aluminium  being  removed  by  treatment  with  caustic  soda.  Pre- 
pared in  this  way  it  is,  however,  always  associated  with  small 
quantities  of  carbon  and  aluminium. 

Boron  hydride,  BH3,  is  a  gaseous  body  which  burns  with  a 
green-mantled  flame,  and  is  decomposed  into  its  elements  at 
a  red  heat.  In  order  to  obtain  it,  magnesium  boride,  H.'-gBj,  is 
first  prepared  by  heating  together  magnesium  and  boric  acid, 
and  this  is  then  treated  with  hydrochloric  acid.  It  has,  however, 
not  been  obtained  in  a  state  of  purity,  being  always  associated 
with  free  hydrogen. 

Boron  trichloride,  BCI3.— Amorphous  boron  combines 
directly  without  the  application  of  heat  with  chlorine.  The 
trichloride  may  also  be  prepared  by  a  method  similar  to  that 
used  for  sihcon  tetrachloride,  viz.  by  passing  chlorine  over  an 
intimate  mixture  of  the  trioxide  with  carbon  at  a  high 
temperature — 

B2O3  -t-  3  C  4-  3  CI2  =  2  BOI3  +  3  CO. 
It  is  a  colourless  liquid  which  fumes  in  air,  and  is  readily 
decomposed  by  water,  forming  the  trioxide  and  hydrochloric 
acid — 

2  BCI3  -t-  3  HgO  =  B2O3  -h  6  HCl. 
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In  the  anhydrous  condition  it  is,  however,  very  stable,  and  may 
even  be  distilled  in  contact  with  sodium  without  decomposition. 

Fluorine  combines  energetically  at  ordinary  temperatures  with 
boron,  and  bromine  can  also  be  made  to  combine  directly  with 
it,  forming  the  trifluoride  and  tribromide  respectively.  Nitrogen 
also  combines  directly  with  it,  forming  the  nitride,  BN. 

Boron  trioxide,  B2O3. — This  and  the  boric  acid  and  borates 
derived  from  it  are  the  most  important  of  the  boron  compounds. 
The  oxide  is  formed  when  boron  is  burnt  in  air,  but  is  usually 
prepared  by  heating  boric  acid — 

2  H3BO3  =  B2O3  +  3  HgO. 
Water  is  driven  off  and  there  remains  a  glassy-looking  mass 
wliich  when  powdered  combines  slowly  with  water,  forming 
boric  acid  (H3BO3)  again. 

Boric  acid  and  the  borates. — Boric  acid  is  a  very  weak 
acid  which,  like  carbonic  acid,  gives  with  litmus  a  wine-red 
colour  quite  distinct  from  the  bright  red  resulting  from  such 
acids  as  hydrochloric  and  sulphuric. 

If  concentrated  hydrochloric  acid  be  added  to  a  strong  hot 
solution  of  borax  (Na2B407)  the  acid  is  set  free  and  separates  out 
in  thin  laminaj — 

NagB^Oy  +  2  HCl  4-  5  H2O  =  4  H3BO3  +  2  NaCl. 

The  borates,  with  the  exception  of  those  of  the  alkalies,  are 
only  slightly  soluble  in  water.  When  mixed  with  concentrated 
sulphuric  acid  and  gently  heated  at  the  border  of  the  Bunsen 
flame  tliey  impart  a  green  colour  to  it,  owing  to  the  volatilization 
of  free  boric  acid.  A  similar  colouration  is  also  obtained  when 
alcohol  is  added  to  such  a  mixture  and  ignited.  These  properties 
may  be  used  as  the  means  of  detecting  the  presence  of  borates. 
When  borax  is  fused  on  a  platinum  wire  along  with  small 
quantities  of  chromium,  cobalt,  copper,  manganese,  or  other 
compounds,  characteristic  colours  are  imparted  to  it. 
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THE  ALKALIES. 

K,  (Am)  Na. 
General  Characters. — 

1.  The  elements  of  this  group  are  monovalent  and  replace  the 
hydrogen  in  the  acids  atom  by  atom,  forming  normal  and  acid 
saltSj  e.  g. — 

From  HCl,  salts  of  the  type  RCl 

„    H^SO,,  „     „      „     K2SO4  and  RHSO4 

„    H3PO4,,,     „     „     R3PO4,  E2HPO4,  RH2PO4 

2.  The  metals  are  soft  and  malleable,  they  decompose  water 
at  the  ordinary  temperature  and  form  strongly  basic  hydroxides — 

2  R  +  2  H2O  =  2  ROH  +  Hg. 
Also  they  undergo  oxidation  when  exposed  to  air  at  ordinary 
temperatures. 

3.  The  metals  combine  directly  with  hydrogen  when  heated 
in  it,  forming  hydrides  of  the  general  composition  R^Hg. 

4.  Under  the  action  of  dry  ammonia  they  form  amides  of  the 
composition  RNHg,  which  on  heating  are  transformed  into 
nitrides  of  the  composition  R3N. 

5.  The  binary  compounds  of  this  group  (haloid  salts,  oxides, 
and  sulphides)  show  a  considerable  tendency  to  attach  more 
than  the  normal  amount  of  the  electronegative  element.  Such 
compounds  are — 

(a)  the  peroxides,  R2O2,  R2O3,  R2O4,  and  persulphides. 

(b)  the  trihaUdes  and  pentahalides  RCI3,  EGlg,  RI3,  RI5,  EClgT, 
RCI4I,  etc. 

6.  The  normal  carbonates  are  stable  at  high  temperatures 
(except  ammonium  carbonate). 
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POTASSIUM. 

Occurrence. — Potash  occurs  in  combination  chiefly  with 
ahimina  and  silica  in  the  older  rocks  as  potash  felspar  (ortho- 
clase)  K2O.AI2O3.6  SiOg,  potash  mica  (muscovite)  KgO.S  AI2O3 
4  SiOg,  and  in  other  mineral  silicates.  It  is  also  found  locally  in 
the  neighbourhood  of  Stassfurt  as  Carnallite  KCl.MgCla.G  HgO, 
in  East  Galicia  as  Sylvine,  KCl,  and  as  nitrate  in  the  form  of  an 
efflorescence  on  the  soil  in  the  rainless  districts  of  Peru,  Chili,  etc. 

The  ash  of  plants  contains  a  notable  quantity  of  potassium  salts, 
chiefly  carbonate,  which  may  be  extracted  by  water.   Almost  the 
whole  of  the  potash  salts  used  to  be  obtained  in  this  way,  and 
from  the  fact  of  their  being  extracted  by  boiling  their  ash  in  pots 
the  salts  were  termed  "  Pot-ashes"  {heTioe  potash),  a  more  refined 
product  being  called  "pearl-ash."    In  more  recent  times  the 
residues  from  the  manufacture  of  beetroot  sugar   have  been 
employed   as  a  source  of  potassium  salts,  the  liquors  being 
evaporated  and  calcined ;  a  product  is  thus  obtained  ^  which 
contains  about  60  per  cent,  of  potassium  salts.    The  washings  of 
sheeps'  wool  ("suint")  by  similar  treatment  yield  a  residue 
containing  about  90  per  cent,  of  potassium  salts.    The  ashes  from 
"  kelp  "  were  formerly  largely  extracted,  but  now  are  employed 
to  a  smaller  extent,  and  only  crude  salts  are  prepared  from  them. 
By  far  the  most  important  source  of  potassium  salts  are  the  mines 
at  Stassfurt,  where  over  100,000  tons  of  the  chloride  are  annually 
produced. 

Metal.— This  was  first  obtained  by  Davy  in  1807  by  the 
electrolytic  decomposition  of  fused  caustic  potash.  It  was  after- 
wards prepared  on  a  larger  scale  by  Gay  Lussac  and  Thenard  by 
strongly  heating  caustic  potash  in  contact  with  metalhc  iron. 

The  method  generally  adopted  however  is  that  of  heating  an 
intimate  mixture  of  potassium  carbonate  and  carbon  (obtained  by 
igniting  crude  potassium  tartrate  in  a  closed  vessel)  m  cyhndrical 
iron  retorts  placed  horizontally,  as  shown  in  Fig.  21.  The 
principal  reaction  is 

K2CO3  +  2  0  =  2  K  +  3  CO. 
The  carbonic  oxide  and  vapours  of  potassium  pass  off  by  the  tube 
into  a  receiver  which  presents  a  large  area  for  coohng.  Tlie 
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receiver,  as  shown  in  the  figure,  is  made  up  of  two  flat  plates 
screwed  together  so  as  to  leave  a  narrow  space  between  them,  and 


Fia.  21. 

the  potassium  condenses  between  these  and  is  periodically  removed 
and  preserved  in  petroleum. 

The  process  of  Castner,  which  is  in  principle  that  originally 
used  by  Gay  Lussac  and  Th^nard,  is  also  employed.  Carbide 
of  iron  is  first  prepared  by  heating  pitch  witli  finely  divided 
iron  (obtained  by  the  reduction  of  the  oxide).  This  is  mixed  with 
caustic  potash  and  heated  in  steel  crucibles  ;  a  large  amount  of 
hydrogen  and  carbonic  oxide  is  evolved,  and  ultimately  the 
metallic  potassium  is  distilled  off.  It  is  also,  like  sodium  (see  page 
112),  prepared  on  the  large  scale  by  the  electrolysis  of  caustic 
potash,  the  process  being  a  continuous  one. 

Potassium  is  a  soft  metal  with  a  silvery  lustre  ;  has  a  sp.  gr.  of 
0-875,  and  is  lighter  than  sodium  ;  it  melts  at  62°  C.  and  boils  at  a 
dull  red  heat,  forming  a  green  vapour,  whose  density  is  19, 
Though  not  acted  upon  by  perfectly  dry  oxygen  it  rapidly 
tarnishes  by  oxidation  in  moist  air  even  at  ordinary  temperatures. 
It  likewise  combines  directly  with  hydrogen  and  the  halogens 
and  with  sulphur,  selenium  and  phosphorus  when  heated.  It 
decomposes  water  at  ordinary  temperatures  according  to  the 
equation 

2  K  +  2  HgO  =  2  KOH  +  Hg 
and  almost  all  oxides  undergo  a  partial  or  complete  reduction  if 
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they  are  heated  in  contact  with  potassium.  K  and  Na  in  the 
proportions  KgNa  form  an  alloy  which  is  liquid  at  ordinary 
temperatures. 

Potassium  hydride,  KjHg. — This  compound  is  formed  when 
potassium  is  heated  in  hydrogen  between  200°  C.  and  400°  C; 
at  a  little  over  400°  0.  it  decomposes  again  into  its  elements. 

Oxides  and  tlie  hydroxide. — The  oxide  corresponding  to 
caustic  ])otash  or  potassium  hydroxide  (KOH)  would  be  KgO,  but 
no  definite  oxide  having  this  composition  has  been  prepared. 

The  Hydroxide  is  obtained  (1)  when  water  is  acted  upon  by 
metallic  potassiuu),  or  (2)  when  a  solution  of  potassium  carbonate 
is  boiled  with  milk  of  lime — 

Ca(0H2)  +  K2CO3  =  2  CaCOj  +  2  KOH. 
The  boiling  is  continued  till  the  supernatant  liquid  no  longer 
effervesces  when  dilute  acid  is  added  to  it.  The  calcium  carbon- 
ate  is  then  settled  out  and  the  clear  liquid  decanted  off  and  boiled 
down  to  expel  water  until  it  is  found  to  solidify  on  cooling.  It 
usually  contains  as  impurities,  alumina,  silica  and  carbonates  of 
calcium  and  potash  ;  these  are  all  insoluble  in  alcohol,  whilst 
potash  is  fieely  soluble.  By  shaking  up  the  potash  with  alcohol 
the  impurities  are  left  undissolved,  and  can  be  allowed  to  settle  ; 
if  the  clear  solution  is  boiled  down  in  a  silver  basin,  pure  potash 
is  left  behind. 

Caustic  potash  may  also  be  obtained  by  the  double  decom- 
position of  the  sulphate  with  barium  hydrate — 

K2SO4  +  Ba(0I-I)2  =  2  KOH  +  B-dSO^. 
The  barium  sulphate  is  an  insoluble  heavy  powder  which  may  be 
readily  settled  out. 

Caustic  potash  is,  as  its  name  implies,  strongly  caustic  and  acts 
very  powerfully  on  animal  and  vegetable  tissue;  when  exposed 
to  air  it  readily  takes  up  carbon  dioxide  forming  the  carbonate. 
Other  gases,  as  for  instance  SOj,  CI  and  HgS  and  the  oxides  of 
nitrogen,  are  also  taken  up  by  it,  so  that  it  is  often  of  service  for 
the  removal  of  such  gases  when  they  occur  as  impurities.  It  is 
one  of  the  most  active  bases,  and  from  it  most  of  the  salts  of 
potassium  may  be  prepared  by  tlie  addition  of  an  equivalent 
ainount  of  the  corresponding  acid. 
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Uv  ^r.du.l  heating  of  potassium  in  air  or  oxysen  it  passes  into 
thS  ~wder  winch 

more  oxygen  and  ultimately  on  prolonged  heating  passes  m  o  a 
chrome  yellow  powder  consisting  of  the  tetrox^de,  K,0,.  ihey 
tTowe'  ful  oxidising  agents,  and  K,0,  when  heated  m  carbon 
InoxTde  oxidizes  it  and  forms  potassium  carbonate,  oxygen  bemg 

also  given  off —  ^ 
K,0,  +  CO  =  KfO,  +  0,. 

Sulphides  and  hydrosulphide.-When  potassium  sulphate 

is  reduced  by  heating  it  in  hydrogen  or  with  carbon  the  rn^o- 

sulphide  K,S  is  obtained.    This  is  a  pale  yellow  powder,  which 

however  contains  small  quantities  of  the  higher  su  phxdes  ,-^when 

dissolved  in  water  or  when  a  solution  of  caustic  potash  is  acted  upon 

by  sulphuretted  hydrogen,  the  hydro- sulphide  KRS  is  obtained 

The  higher  sulphides  K^S^,  K2S3  K2S4  and  KA  are  darker  m 

colour  the  more  sulphur  they  contain  ;  they  may  be  prepared  by 

fusing  potasli  and  sulphur  together  {liver  of  sulphur,  a  rinxture  of 

these  sulphides,  is  thus  obtained)  or  by  dissolving  sulphur  m  the 

liydrosulphide.  ,        .       i  ,  -  j 

Potassium  hydrosulphide  (like  AmHS)  dissolves  the  sulplndes 
of  arsenic,  antimony,  tin,  platinum,  gold  and  molybdenum,  form- 
ing sulpho-salts,  e.  g. — 

2  KHS  +  AS2S3  =  EgS-Af^aSs  (or  K2AS2S4)  +  HgS. 

Potassium  Sulpharsenite. 

In  this  way  such  sulphides  may  be  separated  from  those  of 
copper,  lead,  mercury,  bismuth,  and  cadmium,  which  are  insoluble 
in  KHS. 

Potassium  nitride,  K3N.— Potassium  dissolves  in  anhydrous 
liquid  ammonia,  forming  KNH3,  which  gradually  loses  hydrogen, 
yielding  potassamide,  KNHj.  When  this  body  is  heated,  the 
following  change  takes  place — 

3KNH2  =  K3N  +  2NH3, 
the  nitride  being  thus  obta  ned. 

Potassium  fluoride,  KP,  is  prepared  by  adding  potassium 
carbonate  to  hydrofluoric  acid  till  it  is  almost  neutral,  and  then 
evaporating  to  dryness.  If  only  half  this  amount  of  potassium 
carbonate  be  added,  the  acid  fluoride  KF.HF  is  obtained;  this 
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substance  is  used  as  the  source  of  pure  dry  HF,  which  it  givea 
off  when  heated  to  redness. 

Potassium.  cMoride,  KCl,  is  formed  by  direct  union  of  the 
elements,  or  by  neutralizing  caustic  potash  by  means  of  hydro- 
chloric acid.  Like  sodium  chloride,  it  crystallizes  in  the  anhy- 
drous condition  in  cubes.  It  is  less  soluble  than  sodium  chloride 
at  low  temperatures,  and  much  more  soluble  at  higher  temper- 
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atures  (see  Fig.  22).  Hence  if  a  saturated  solution  contain- 
ing both  chlorides  is  gradually  cooled  down,  the  potassium 
chtoride  crystallizes  out  first,  and  in  this  way  the  two  chlorides 
are  separated  from  one  another  on  the  large  scale. 

Potassium  bromide,  KBr,  is  more  readily  soluble  in  water 
than  the  chloride  ;  it  may  be  obtained  by  adding  hydrobromic 
acid  to  the  hydroxide  or  carbonate,  or  better  by  mixing  together 
warm  solutions  of  potassium  carbonate  and  bromide  of  iron. 
Ferrous  carbonate  is  precipitated,  and  potassium  bromide  obtained 
from  the  supernatant  liquor  by  evaporation— 

FeBr2  +  K2CO3  =  FeCOj  +  2  KBr. 

Potassium  iodide,  KI,  is  obtained  by  similar  methods  to 
those  employed  for  the  bromide.  This  is  the  only  potassium  salt 
which  has  been  vaporized  without  decomposition ;  a  determm- 
ation  of  vapour  density  at  a  bright  red  heat  gave  a  value  corre- 
sponding to  the  formula  KI.  Potassium  iodide  is  freely  soluble 
in  water  and  in  alcohol,  and  its  solutions  dissolve  iodine.  At 
20°  C,  100  pts.  of  water  dissolve  35,  65  and  U4  pts.  of  KOI, 
KBr  and  KI  respectively. 
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Chlorine  water  sets  free  the  halogen  element  from  bromide  and 

iodide  of  potassium— 

2  KI  +  Cla  =  2  KCl  +  h- 
If  a  concentrated  solution  of  potassium  iodide  be  saturated 
with  iodine  and  left  over  sulphuric  acid,  dark  blue  needles  of  the 
triiodide,  KI3,  separate  out. 

Potassium  cyanide,  KCy.— This  salt  is  obtamed  by  heating 
an  intimate  mixture  of  potassium  carbonate  and  nitrogenous 
organic  matter,  and  extracting  the  mass  with  water.  In  aqueous 
solution,  however,  it  readily  decomposes,  and  also  owmg  to  its 
great  solubility  it  is  difficult  to  obtain  it  therefrom  in  the  crystalline 
condition.  It  is  usual  under  these  circumstances  to  prepare  first 
the  easily  crystallizable  potassium  ferrocyanide,  K^FeCyg,  by  the 
addition  of  iron  to  the  melt  described  above.  Potassium  cyanide 
is  then  obtained  by  strongly  heating  the  ferrocyanide— 

K^FeCyg  =  4  KCy  +  FeCyg. 
The  cyanide  fuses,  and  can  be  poured  off  from  the  residual 
ferrous  cyanide,  or  the  iron  and  carbon  which  result  from  its 
decomposition. 

Potassium  hypochlorite,  KCIO,  is  only  known  in  solution  ; 
•t  is  prepared  by  acting  on  a  solution  of  caustic  potash  with 
chlorine  in  the  cold — • 

2  KOH  +  Clg  =  KCIO  +  KCl  +  E^O. 
The  readiness  with  which  it  undergoes  decomposition  with  the 
production  of  the  free  acid  (HCIO)  or  chlorine,  explains  the 
activity  of  this  salt  as  a  powerful  oxidizing  or  bleaching  agent. 

Potassium  chlorate,  KCIO3.— When  chlorine  is  passed  into 
a  hot  solution  of  caustic  potash,  potassium  chlorate  is  formed, 
together  with  chloride,  according  to  the  equation — 

6  KOH  +  3  CI2  =  KCIO3  +  5  KCl  +  3  H^. 
The  employment  of  so  large  a  quantity  of  the  expensive  potas- 
sium salt,  and  the  difficulty  of  recovering  it,  has  !ed  to  the 
adoption  of  a  modification  of  the  method,  where  potassium 
chlorate  is  prepared  on  the  large  scale. 

This  consists  in  the  formation  of  calcium  chlorate,  by  saturating 
a  warm  mixture  of  lime  and  water  with  chlorine,  the  reaction 
being  similar  to  that  with  potash— 

6  Ca(0H)2  +  6  CI2  =  Ca(C103)2  +  5  CaClg  +  6  llf>. 
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The  liquid,  after  being  allowed  to  settle,  ie  run  oif  and  concen- 
trated somewhat  by  evaporation  ;  potassium  chloride  in  slight 
excess  of  tlie  equivalent  for  Ca(C103)2  is  added,  and  a  double 
decomposition  takes  place — 

Ca(Ci03)2  +  2  KCl  =  2  KCIO3  +  CaCla. 
The  potassium  chlorate  is  much  less  soluble  than  the  calcium 
chloride,  so  that  on  further  concentration  and  careful  cooling, 
crystals  of  potassium  chlorate  separate.    This  is  then  purified  by 
recrystallization. 

Potassium  chlorate  is  used  for  the  preparation  of  oxygen,  and 
is,  in  presence  of  mineral  acids,  a  powerful  oxidizing  agent ;  it  is 
also  largely  employed  in  the  manufacture  of  matches  and  in 
pyrotecliny. 

Potassium  perchlorate,  KCIO4. — This  is  the  most  stable  of 
this  series  of  salts.  It  is  not  decomposed  by  concentrated  hydro- 
chloric acid,  while  potassium  chlorate  is  readily  acted  upon  with 
the  formation  of  euchlorine.  Also,  though  strong  sulphuric  acid 
acts  upon  the  chlorate  with  the  evolution  of  the  explosive 
chlorine  peroxide,  CIO2,  potassium  perchlorate  when  heated  with 
strong  sulphuric  acid  gives  rise  to  the  formation  of  free  perchloric 
acid  (HCIO4),  which  distils  over — 

2  KCIO4  +  H2SO4  =  K2SO4  +  2  HCIO4. 
Potassium  perchlorate  is  obtained  (with  chloride)  by  heating 
potassium  chlorate  until  the  salt  becomes  pasty. 

2  KCIO3  =  KCIO4  +  KCl  +  O2. 
Any  chlorate  which  remains  ui;iy  be  decomposed  by  warming 
with  concentrated  hydrochloric  acid,  which  is  without  action  on 
the  perchlorate  ;  the  chloride  is  much  more  soluble  in  water  than 
the  perchlorate,  so  that  the  latter  may  be  readily  separated  by 
crystallization. 

Potassium  sulphate,  K2SO4,  is  found  in  the  neighbourhood 
of  Stassfurt  in  the  mineral  kainite,  K2SO4.  MgSOi-  MgCl2.  6  HgO, 
from  which  it  can  be  obtained  by  fractional  crystallization. 
Magnesium  chloride  remains  in  the  mother  liquors,  and  a  hot 
saturated  solution  of  the  crystals,  K2S04.MgS04,  which  separ- 
ate, is  digested  with  solid  potassium  chloride,  when  the  following 
reaction  takes  place — 

K2S04.MgS04  +  3  KCl  =  2  K2SO4  +  KCl.MgC'j. 
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The  potassium  sulpliate  crystallizes  much  more  readily  than 
tie  potassium  magnesium  chloride,  and  may  thus  be  easily 
separated  from  the  liquid.  _       r     ,  i  •„ 

Potassiam  sulphate  is  also  made  by  the  action  of  sulpht.nc 
acid  on  the  chloride,  after  a  manner  similar  to  that  employed 
on  the  larger  scale  for  sodium  sulphate;  it  is  chiefly  used  in 
agriculture. 

Potassium  hydrogen  sulphate,  KHSO,.-When  potassium 
chloride  or  nitrate  is  treated  with  excess  of  sulphuric  acid  until 
the  hydrochloric  or  nitric  acid  is  volatilized  and  the  liquid  is  then 
allowed  to  cool,  crystals  of  this  salt  separate  out.  Many  mmera  s 
which  withstand  the  action  of  acids,  are  brought  into  a  soluble 
form  by  fusion  with  this  salt.  , 

There  are  other  sulphates  in  which  the  proportion  of  the  basic 
oxide  is  smaller  than  in  the  above  cases.  The  principal  of  these 
are  the  pyrosulphate,  K.S.O^,  or  K2O.2  SO3,  the  tetrasulphate, 
K2S4O13,  or  K,0.4  SO3,  the  odosulphate,  \^^^f>25^  or  K2O.8  SO3. 
They  are  obtained  by  the  action  of  excess  of  sulphuric  acid  or 
fuming  sulphuric  acid  on  the  normal  sulphate,  and  occur  with 
potassium,  cesium,  and  rubidium,  but  have  not  been  prepared 
in  the  case  of  sodium,  lithium,  or  the  alkaline  earths. 

Potassium  persulphate,  K^S.Pg,  must  be  regarded  as  a 
derivative  of  the  liquid  oxide  SgO^,  which  has  been  isolated  by 
Berthelot.  The  salt  is  obtained  on  electrolyzing  an  acid  solution 
of  potassium  sulphate ;  it  is  sparingly  soluble  in  cold  water ; 
in  presence  of  water  it  is  slowly  decomposed  into  potassium 
hydrogen  sulphate,  and  oxygen. 

Potassium  nitrate,  KNO3,  known  also  by  the  familiar  names 
nitre  or  saltpetre,  is  found  in  the  surface  soils  in  India,  Persia, 
where  a  sufliciency  of  nitrogenous  matter  exists,  and  the  climate 
is  sufficiently  dry  to  allow  of  its  accumulation.  It  is  also  pre- 
pared by  boiling  together  concentrated  solutions  of  Chili  saltpetre 
(NaNOj)  and  potassium  chloride,  when  a  double  decomposition 
takes  place,  and  the  less  soluble  sodium  chloride  separates  out; 
potassium  nitrate  is  crystallized  out  from  tlie  mother  liquor. 
Tt  is  obtained  also  artilicially  by  a  nietlipd  resembling  that  by 
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which  it  is  formed  in  the  soils  of  eastern  countries.  Heaps  of 
aslies  are  drenched  with  urine  and  other  nitrogenous  refuse; 
after  being  exposed  to  the  air  for  some  time  the  nitrogenous 
substances  become  oxidized,  and,  on  lixiviation,  the  liquor  is 
found  to  contain  large  quantities  of  nitrates.  Treatment  with 
potassium  carbonate  gives  rise  to  the  formation  of  potassium 
nitrate,  which  can  be  extracted  in  a  crude  form  by  crystallization. 

Potassium  nitrate  is  very  soluble  in  water  ;  100  parts  of  water 
at  15°  C.  dissolve  26  parts  of  salt,  and  at  100°  C.  about  250  parts. 

When  strongly  heated,  it  gives  off  oxygen,  and  is  transformed 
into  potassium  nitrite,  KNOg,  and  in  presence  of  charcoal  a 
violent  deflagration  takes  place,  the  reaction  which  takes  place 
approximating  to  the  equation — 

4  KNO3  +  50  =  2  K2CO3  +  3  CO2  +  2  Ng. 

Potassium  nitrate  is  therefore  a  powerful  oxidizing  agent, 
organic  substances  and  carbonaceous  matter  being  readily  de- 
composed with  the  formation  of  potassium  carbonate,  carbon 
dioxide  and  carbon  monoxide  when  they  are  fused  with  it. 

Sulphur  under  similar  circumstances  is  oxidized  with  the 
formation  of  potassium  sulphate  and  sulphur  dioxide — 

2  KNO3  +  2  S  =  K2SO4  +  SO2  +  Nj. 

Gunpowder. — A  mixture  of  potassium  nitrate,  charcoal,  and 
sulphur  finds  application  as  gunpowder,  the  propelling  power  0/ 
which  is  due  to  the  fact  that  the  nitrate  supplies  oxygen  by 
which  the  combustion  of  the  sulphur  and  carbon  is  effected  in  a 
closed  space.  The  volume  of  the  gases  generated,  even  when 
measured  at  the  standard  temperature  and  pressure,  amounts  to 
about  380  times  that  of  the  space  occupied  by  the  gimpowder  ; 
as  the  temperature  generated  is  over  2000°  C,  it  is  evident  that 
the  volume  is  very  much  greater,  and  the  pressure  to  which  they 
give  rise  has  been  estimated  at  over  6000  atmospheres,  or  about 
42  tons  on  the  square  inch.  The  composition  of  gunpowder 
varies  according  to  the  use  to  which  it  is  to  be  applied  ;  typically 
it  has  the  proportions  agreeing  with  the  formida  2  KNO3  +  30 
+  S,  and  the  percentage  composition  of  some  forms  of  it  is 
iriven  in  the  following  table ;— 
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2  KNO,  +  3  0  +  1  S 


„  sporting 
Ordnance 


KN03 

C. 

S. 

74-8 

13-4 

11-8 

750 

lo-O 

10-0 

79-7 

125 

7-8 

73-8 

134 

12-8 

Phosphates  and  arsenates  of  potassium.— The  ortho- 
salts  are  in  general  obtained  by  the  addition  of  potash  or  potas- 
sium carbonate  to  solutions  of  the  respective  acids.    The  acids 
possess  three  atoms  of  hydrogen,  which  may  be  replaced  atom 
by  atom  according  to  the  relative  quantity  of  potash  added,  thus— 
H3PO4+    KOH  =  KllgPO^  +  H2O 
„    +  2  KOH  =  K2HPO4  +  2  H2O 
„    +  3  KOH  =  K3PO4     +  3  H2O 
and  similarly  with  the  arsenates. 

The  pyrophosphate  K4P2O7  is  obtained  by  igniting  the  di-potas- 
sium  salt,  K2HPO4,  and  the  metaphosphate,  KPO3,  by  igniting  the 
mono-potassium  salt,  KH2PO4,  thus — 

2  K2HPO4  by  ignition  =  K4P2O7  +  H2O 


KH2PO4 


=  KPO3    -t-  H2O 


Potassium  carbonate,  K2CO3,  has  been  mentioned  already 
as  occurring  in  the  incinerated  residue  from  plants.  It  is  also 
prepared  from  the  sulphate  by  a  method  corresponding  to  the 
Leblanc  process,  by  which  sodium  carbonate  is  obtained.  (See 
page  145.)  By  the  action  of  carbon  dioxide,  the  bicarbonate, 
KHCO3,  is  obtained.  Both  salts  are  freely  soluble  in  water,  the 
former,  at  ordinary  temperatures,  in  its  own  weight  of  water, 
and  the  latter  in  four  times  its  weight  of  water.  Potassium 
carbonate  withstands  high  temperatures  without  decomposition, 
but  the  bicarbonate  readily  loses  carbon  dioxide  and  water,  and 
is  transformed  into  the  carbonate — 

2  KHCO3  =  K2CO3  +  CO2  +  H2O. 
Like  several  other  of  the  salts  of  potassium  derived  from 
weak  acids,  the  normal  salt  possesses  an  alkaline  reaction. 

Borate  and  silicate  of  potassium. — These  salts  are  pre- 
pared by  heating  together  boric  acid  or  silica  respectively 
with  potassium  carbonate,  the  former  h9,ving  the  compositiop 
KBO2,  and  the  latter  KgSiOg. 
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Detection  and  estimation. — Potaesium  is  characterized — 

(1)  By   giving   a  white    precipitate   of    cream    of  tartar, 

KIIj-C^Oq,  \vl\en  tartaric  acid  is  added  to  a  fairly  concen- 
trated solution  of  its  salts. 

(2)  By  the  yellow  precipitate  (KgPtClo)  on  the  addition  of 

platinic  chloride,  PLCI4;  ammonium, rubidium,  and  caesium 
salts  are  likewise  precipitated  by  the  same  reagent,  the 
double  chlorides  of  sodium  and  lithium  being,  however, 
readily  soluble. 

(3)  By  tlie  violet  colour  imparted  to  the  non-luminous  flame 

of  a  Bunsen  burner,  the  spectroscope  showing  a  promi- 
nent line  in  the  red  (the  A  line),  and  one  in  the  violet 
(near  the  H  line). 
Potassium  is  usually  estimated  in  the  form  of  the  double  salt 

with  platinic  chloride  KgPtClg,  which,  though  somewhat  soluble 

in  water,  is  practically  insoluble  in  alcohol. 

AMMONIUM 

This  name  is  applied  to  the  hypothetical  radical  'NU^,  the 
salts  of  this  radical  being  very  similar  in  general  character  to 
those  of  the  alkaUes.  When  sodium  amalgam  is  brought  into  a 
strong  solution  of  ammonium  chloride  it  swells  up  to  many 
times  its  original  bulk  and  forms  a  spongy  mass  owing  to  the 
inclusion  of  a  large  volume  of  gas.  No  sooner  is  this  brought 
about  than  ammonia  and  hydrogen  are  given  off  from  the  mass 
in  such  proportions  as  to  point  to  NH4  as  the  source  thereof. 
It  has,  however,  never  been  established  that  the  NH4  exists  even 
temporarily  in  the  free  state. 

Ammonium  salts  are  invariably  obtained  by  the  combination 
of  ammonia  with  the  acid  of  the  salt ;  thus,  neutralizing  various 
acids  with  ammonia,  we  have — 

2  NPI3  +  H,S04  =  (NH4)2S04 

Aniinonium  sulphate 

NH3 -fHCl  =  NIl4Gl 

Ajnmonium  chloride. 

NIl3  +  nN03  =  Nri4N03. 

Ammonium  nitrato- 
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Coal  contains  between  1  and  2  per  cent,  of  nitrogen,  and  during 
its  distillation  for  the  production  of  coal  gas  some  of  this  is 
transformed  into  ammonia,  and  on  washing  the  coal  gas  it  is  dis- 
solved out.  Gas  liquor  consists  of  these  washings  and  contains 
considerable  quantities  of  ammonia,  mostly  as  sulphide,  but 
partly  in  other  forms  and  as  free  ammonia.  By  distilling^the 
liquor  over  lime  the  ammonia  is  set  free  and  then  "  fixed  "  by 
passing  it  into  sulphuric  (or  sometimes  hydrochloric)  acid.  The 
ammonium  salts  which  come  into  commerce  are  chiefly  obtained 
from  gas  liquor,  the  bulk  of  the  supply  being  used  in  the  form  of 
ammonium  sulphate  as  a  fertilizing  agent,  and  a  considerable 
amount  as  free  or  caustic  ammonia  in  the  ammonia  soda  process. 

Ammonium  fluoride,  NH4F,  is  prepared  by  saturating 
hydrofluoric  acid  with  ammonia.  It  is  employed  in  the  labora- 
tory as  a  means  of  decomposing  insoluble  silicates,  the  silica 
being  volatilized  as  silicon  tetrafluoride — 

SiOa  +  4  NH4F  =  SiF4  +  4NH3  -1-  2  HgO. 
Ammonium  chloride,  NH^Cl,  is  obtained  as  above  or  by 
direct  combination  of  ammonia  and  hydrochloric  acid  in  the 
gaseous  condition.  If  ammonium  chloride  be  heated,  it  sublimes, 
and  this  method  is  employed  for  its  purification  ;  when  heated 
with  exposure  to  air  it  is  partially  decomposed,  and  free  ammonia 
and  hydrochloric  acid  may  be  detected  in  the  products.  It  is 
used  in  dyeing  and  in  soldering  and  tinning,  also  as  a  reagent  in 
the  laboratory.  It  crystallizes  in  the  regular  system  and  is 
freely  soluble  in  water  and  in  alcohol. 

Ammonium  sulphate,  (NH4)2S04,  is  obtained  as  described 
above ;  the  odosulphate  (NH4)2S8025  and  the  persulphate  (Nri4)2 
SgOg  are  also  known,  and  may  be  prepared  by  the  same  methods 
as  are  adopted  in  the  case  of  the  corresponding  potassium  salts. 

Ammonium  nitrate,  NH4NO3,  is  prepared  by  neutralizing 
nitric  acid  with  ammonia  and  evaporating  the  solution  until  it 
crystallizes  on  cooling.  When  heated  it  breaks  up  into  nitrous 
oxide  and  water.  NH4N03  =  N20  +  2  H3O.  When  rapidly  heated 
as  for  instance  by  contact  with  a  red-hot  metal,  it  detonates,  as  it 
does  also  when  heated  in  presence  of  organic  matter,  and  it  is 
used  in  the  production  of  certain  forms  of  explosives. 
By  the  direct  combination  of  ammonia  and  carbon  dioxide  in 
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presence  of  moisture,  or  by  subliming  an  iutimate  mixture  of 
ammonium  sulphate  and  chalk,  there  is  obtained  the  commercial 
carbonate  of  ammonium,  which  is  however  essentially  a  mixture 

of  WcarbonaieN H4HCO3  and  carbamate  CO  |         '  These  com- 
pounds are  very  unstable  and  undergo  slow  decomposition  even 
at  ordinary  temperatures,  and  this  accounts  for  the  ammoniacal 
odour  which  is  perceived  when  they  are  exposed  to  air. 
Detection  and  estimation. — 

(1)  When  heated  with  caustic  alkalies  the  whole  of  the 

ammonia  is  given  off,  and  may  be  detected  by  its  smell 
and  by  yielding  white  fumes  in  presence  of  hydrochloric 
acid. 

(2)  Ammonium  salts,  like  potassium,  when  treated  with 

platinic  chloride  give  rise  to  the  formation  of  a  yellow 
precipitate  owing  to  the  formation  of  the  double  chloride 
(NH4)2PtClo. 

(3)  Nessler's  reugent  (see  p.  178),  in  presence  of  minute  quan- 

tities of  ammonia  or  ammonium  salts,  gives  a  yellowish 
brown  colouration,  or  if  larger  quantities  are  present, 
a  brown  precipitate. 
Ammonium  salts  may  be  separated  from  other  alkalies  by 
reason  of  their  volatility.    They  may  be  estimated  by  distilling 
with  caustic  soda  and  passing  the  ammonia  so  formed  into  dilute 
hydrochloric  acid  of  known  sirength,  and  then  ascertaining  to 
what  extent  the  diminution  in  acidity  of  the  acid  has  been 
effected.    Or  the  ammonium  chloride  so  formed  may  be  precipit- 
ated by  the  addition  of  platinic  chloride.    By  igniting  the  double 
chloride,  spongy  platinum  only  is  left,  whilst  with  other  alkalies 
a  mixture  of  spongy  platinum  and  the  alkaline  chloride  remains. 


SODIUM. 

Occurrence. — 

(1)  As  common  salt,  in  sea  water,  and  some  inland  lakes, 
and  in  lenticular  deposits  in  rocks,  more  especially  in 
the  ptrata  of  the  age  of  the  new  red  sandstone. 
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in 


bonate  or  borate. 

-  means  of  isolating  sodium.   This  method 

has  been  mentioned  under  potassium,  bat 
we  shall  add  here  some  details  of  the 
plant  by  which  it  is  carried  into  practice 
It  consists  essentially  of  a  cylindrical 
iron  pot  containing  the  fused  caustic  soda, 
and  surrounded  by  a  bath  heated  by  gas. 
Passing  in  at  the  base  of  the  pot,  as 
shown  in  Fig.'  23,  is  the  electrode  in  connection  with  the  nega- 
tive pole  of  the  dynamo  ;  the  positive  pole  of  the  dynamo  is 
connected  with  the  cover  of  the  pot,  and  with  an  inverted  iron 
cylinder  attached  to  the  cover.  The  annular  space  between  the 
electrode  is  that  through  which  the  current  passes,  and  in  winch 
the  decomposition  goes  on.  .       i    ,  j 

Hydrogen  and  sodium  are  formed  at  the  negative  electrode, 
and  the  former  is  allowed  to  pass  out  by  a  perforation  m  the 
cover,  whilst  the  sodium  being  lighter  than  the  fused  caustic 
soda  rises  to  the  surface  immediately  above  the  electrode.  A 
second  inverted  cylinder  attached  to  the  cover,  nnd  of  a  some- 
what larger  diameter  than  the  negative  electrode,  serves  as  a 
receptacle  for  the  sodium.  In  this  the  sodium  collects,  and  it 
is  removed  from  time  to  time  by  means  of  a  ladle,  perforated  so 
as  to  allow  any  caustic  soda  to  run  back  into  the  vessel. 

The  success  of  the  operation  depends  upon  a  careful  adjust- 
ment of  the  current,  and  on  maintaining  the  caustic  soda  at 
such  a  temperature  that  it  is  always  a  few  degrees  above  its 
melting  point. 

Sodium  iG  a  soft  malleable  metal  of  specific  gravity  0-974 ;  it 
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shows  a  silvery  lustre  when  freshly  cut,  but  rapidly  tarnishes 
through  oxidation,  even  at  ordinary  temperatures.  It  melts  at 
92°  C,  and  is  transformed  into  a  violet  vapour  at  about  740°  C. 
It  burns  vividly  in  oxygen  and  in  chlorine,  though  these  gases 
have  no  action  upon  it  when  perfectly  dry.  Like  potassium  it 
decomposes  water  at  the  ordinary  temperature,  the  heat  gener- 
ated in  the  reaction  being  insufficient  to  ignite  the  hydrogen  (as 
it  does  in  the  case  of  potassium) ;  if  the  sodium  be,  however, 
brought  into  contact  with  hot  water,  or  water  thickened  with 
starch,  the  hydrogen  inflames. 

Sodium  hydride,  Na4H2,  resembles  the  corresponding 
hydride  of  potassium  in  its  formation  and  properties. 

The  hydroxide  or  caustic  soda,  NaOH. — Caustic  soda 
is  prepared  on  a  much  larger  scale  than  caustic  potash,  being 
used  in  the  manufacture  of  soap  and  paper,  in  the  refining  of  oils, 
and  for  many  other  purposes.  Its  production  is  described  below 
(p.  148). 

It  may  also  be  obtained  by  other  methods  described  under 
caustic  potash,  which  it  resembles  in  its  properties,  though  it  is 
less  deliquescent,  and  is  not  so  strong  a  base  as  this  body. 

The  Oxides.— When  sodium  is  lieated  in  air  or  oxygen  it  is 
almost  completely  transformed  into  the  dioxide  NagOg.  This 
oxide  is  a  white  amorphous  powder  which  dissolves  in  water 
without  decomposition,  and  from  such  a  solution,  crystals  having 
the  composition  Na^S  HgO  may  be  obtained.  In  presence  of 
dilute  acids  it  yields  hydrogen  peroxide 

Na202  +  2  H2SO4  =  2  NaHSO^  +  HA- 

It  is  made  ou  a  moderately  large  scale  for  the  preparation  of 
hydrogen  peroxide  now  employed  either  directly  or  indirectly 
(as  witli  magnesia)  for  bleaching  purposes. 

The  chemistry  of  the  sulphides  and  nUride  of  sodium  will  be 
understood  by  reference  to  the  corresponding  potassium  com- 
pounds, which  they  resemble. 

In  like  manner  the  description  of  the  haloid  salts  of  potassmm 
may  mutatis  mutandis  be  taken  as  bearing  upon  the  derivatives 
of  sodium  and  the  remarks  added  below  regarded  as  supple- 
mentary thereto. 
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Sodium  Chloride  or  common  salt,  NaCl.-This  is  by  far  the 

most  important  material  as  a  source  of  sodium  salts.  In  some 
cases  it  is  obtained  in  the  soUd  state  from  mines,  but  more 
usually  it  is  brought  to  the  surface  in  the  form  of  brine  and  tlie 
salt  recovered  from  this  by  evaporation  in  pans.  On  the  Con- 
tinent, in  the  case  of  weak  brines  it  is  customary  to  subject  the 
liquor  to  a  preHininary  concentration  by  allowing  it  to  pass  over 
stacks  of  twigs  or  brushwood.  In  England,  mucli  of  the  salt 
is  raised  as  brine,  and  some  idea  may  be  formed  of  the  extensive 
use  which  is  made  of  it,  from  the  fact  that  over  two  million  tons 
of  salt  are  produced  annually,  three-fourths  of  this  in  Cheshire,  and 
the  rest  chiefly  in  Worcestershire  and  Durham.  Common  salt  is 
used  as  a  glaze  for  earthenware  and  for  culinary  purposes,  also 
as  the  means  of  producing  "  salt-cake"  (sodium  sulphate),  wash- 
ing soda  and  "soda  ash"  (sodium  carbonate)  and  caustic  soda, 
etc. 

Under  ordinary  circumstances  it  separates  out  on  evapora- 
tion in  the  anhydrous  condition,  but  at  -10°  C.  it  is  obtained  as 
NaC12H20  and  at  -23°  C.  as  NaCUOHaO.  It  is  practically 
insoluble  in  concentrated  hydrochloric  acid  and  in  alcohol  and  by 
saturating  a  strong  brine  with  hydrochloric  acid  gas  it  is 
deposited  in  a  state  of  great  purity. 

Sodium  chlorate,  NaClOg.— This  salt  is  very  much  more 
soluble  in  water  than  potassium  chlorate,  and  hence  is  more 
suitable  for  use  in  cases  where  chlorates  are  employed  in  solu- 
lijn.  It  may  be  prepared  from  calcium  chlorate  liquors  from 
which  most  of  the  chloride  has  been  previously  removed  by 
crystallization,  by  the  addition  of  sodium  sulphate  in  such  a  way 
that  the  change  effected  is  that  represented  by  the  equation — 
Ca(C103)3  +  NasSOi  =  2  NaClOa  +  CaSOi. 

The  sulphate  of  lime  is  filtered  ofE  and  the  liquor,  which  also 
contains  sodium  chloride,  is  concentrated  ;  the  sodium  chloride 
separates  out,  and  when  sufiiciently  concentrated  the  mother 
Hquor  is  cooled,  whereupon  the  sodium  chlorate  is  obtained  in 
crystals. 

Sodium  hydrogen  sulphite,  NaHS03,  is  prepared  in  solution 
by  passing  sulphur  dioxide  to  saturation  into  caustic  soda  or 


144 


THE  ALKALIES. 


sodium  carbonate  (COg  being  in  this  case  expelled).  By  cooling 
or  evaporation  at  ordinary  temperature  the  salt  is  obtained  in 
crystals.  If  exposed  to  air  it  becomes  slowly  oxidized  to 
sodium  sulphate ;  it  also  absorbs  chlorine  and  may  therefore  be 
used  for  removing  the  last  traces  of  chlorine  from  paper  pulp. 
It  dissolves  sulphur,  forming  sodium  thiosulphate,  NagSgOg 
(which  is  likewise  used  as  an  antichlor),  also  the  haloid  salts  of 
silver.  If  a  quantity  of  soda  equal  to  that  originally  used  in  pre- 
paring the  salt  be  added,  neutral  sodium  sulphite,  NajSOg  is 
obtained.  Both  these  salts  are  powerful  reducing  agents  owing 
to  the  facility  with  which  they  pass  into  sodium  sulphate. 

Sodium  sulphate  or  salt-cake,  Na2S04.— This  salt  is  also 
known  by  the  name  of  Glauber's  salts,  Glauber  having  described 
it  as  early  as  1658.  Most  of  the  common  salt  raised  in  England 
is  converted  first  into  salt-cake  by  the  action  of  sulphuric  acid. 
This  is  done  in  two  stages,  the  first  being  carried  out  at  a  gentle 
heat  in  a  shallow  cast-iron  pan  (see  Fig.  24),  the  reaction  being — 
NaCI  +  H2SO4  =  NaHS04  -I-  HCl. 

The  charge  is  (hen  raked  out  of  the  pan  and  exposed  to  a 
strong'^r  heat  on  the  bed  of  a  reverberatorj^  furnace,  when  further 
action  lakes  place  as  expressed  in  the  following  equation — 
NaCl  +  NaHSOi  =  Na2S04  +  HCl. 


Pia.  24. 

It  would  thus  appear  that  half  the  hydrochloric  acid  is  given 
off  during  the  treatment  in  the  pan  (called  "pan-gas")  and  half 
during  roasting  on  the  bed  of  the  furnace  (called  "roaster  gas"), 
Ihough  these  equations  do  not  accurately  represent  the  stages  as 
they  occur  in  practice,  for  a  larger  proportion  of  the  gas  is  evolved 
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in  the  former  process.  The  hydrochloric  acid  gas  is  cooled  and 
condensed  by  being  passed  first  through  a  series  of  pipes  and 
ultimately  through  towers  packed  with  coke  over  which  a  con- 
tinual stream  of  water  is  kept  flowing. 

Sodium  sulphate  in  a  very  pure  form  is  also  prepared  by  the 
Hargreaves  process.  This  consists  in  bringing  sulphur  dioxide 
(prepared  from  iron  pyrites),  air  and  steam  into  intimate  contact 
with  common  snlt  at  about  500°  G.  The  reaction  which  ensues 
may  be  re;M'esented  by  the  equation — 

4NaCl+  2  SO2  +  O2  +  2  H2O  =  2  Na2S04  +  4  HOI. 

Sodium  nitrate  or  Chili  saltpetre,  NaNOg,  is  found  in  the 
almost  rainless  districts  of  Chili,  Peru  and  Bolivia.  It  is  very 
soluble  in  water,  from  which  it  crystallizes  as  the  anhydrous  salt 
in  obtuse  rhombohedra  almost  like  cubes  (hence  the  name  "  cubic 
nitre").  It  is  largely  used  as  a  manure  and  also  in  the  manufac- 
ture of  sulphuric  acid  and  nitric  acid.  It  cannot  be  substituted 
for  potassium  nitrate  in  gunpowder  owing  to  its  hygroscopic 
nature. 

Phosphates  and  arsenates  of  sodium  are  similar  in 

character  to  the  corresponding  potassium  salts. 

Sodium  carbonate,  Na^CO^,  was  formerly  obtained  by  burn- 
ing seaweed  and  extracting  the  ash  with  water.  In  this  crude 
form  it  was  known  as  barilla. 


Pia.  25. 


It  is  now  prepared  from  common  salt  either  directly  or  after 
the  conversion  into  salt-cake  by  processes  which  we  shall  now 
describe,  the  former  as  the  Solvay  process,  and  the  latter  as  the 
Leblanc  process. 

The  Ijeblanc  process. — A  charge    usually  of  about  four 
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hundredweight  of  a  mixture  of  salt-cake  with  its  own  weight  of 
coal  is  brought  on  to  the  upper  bed  of  the  furnace  shown  in  Fig. 
25,  where  it  is  gently  heated  and  worked  so  as  to  incorporate 
the  constituents  together.  It  is  then  exposed  to  the  higher 
temperature  of  the  lower  bed  aud  thoroughly  mixed,  the  opera- 
tion being  continued  until  "  candles  "  of  carbon  monoxide  break 
out  over  the  surface  of  the  mass.  The  primary  reaction  is — 
Nn^SO^  +  CaCOa  4-20  =  NagCOa  -i-  CaS  -f-  2  COg. 
Towards  the  end,  carbon  monoxide  is  given  off  owing  to  the 
interaction  between  the  excess  of  limestone  and  coal  used — 

CaCOg  -h  C  =  CaO  -I-  2  CO. 

The  "  ball"  is  now  drawn  and  constitutes 
what  is  known  from  its  colour  as  "black 
ash."  It  is  allowed  to  cool  for  some  hours 
and  is  then  roughly  bioken  up  and  thrown 
into  vats,  where  the  sodium  carbonate  is 
dissolved  out  to  form  "tank  liquor,''  and  a 
bulky  residue  called  "  tank  waste  "  or  alkali 
waste  (see  page  15ii)  is  left. 

It  is  now  more  usual  to  dispense  with  the 
hand-working  by  carrying  on  the  process 
in  a  "  revolver  "  furnace.  This  is  practi- 
cally a  large  drum  lined  with  lire-brick  ; 
during  the  operation  it  is  slowly  revolved  so 
as  to  effect  a  thorough  mixing  of  the  charge. 
Heat  is  generated  within  the  revolver  by 
the  reaction  which  takes  place  and  by  the 
excess  of  coal  employed,  but  in  order  to 
secure  a  sufficiently  high  temperature  this 
must  be  supplemented  by  an  external  fire, 
the  flames  of  which  pass  into  the  revolver. 
The  waste  heat  arising  from  either  of  these 
processes  is  very  considerable,  and  it  is 
utilized  for  the  purpose  of  boiling  down 
the  liquor  obtained  on  lixiviating  the  black 
ash. 

The  liquor  js  run  into  shallow  pans  and  the  waste  gases 
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passing  over  its  surface  bring  about  a  concentration  to  such 
an  extent  that  the  crude  sodium  carbonate  separates  out. 
The  salts  are  drawn  on  to  drainers  placed  at  the  front  of  the 
pans.  In  this  way  the  impure  monohydrated  carbonate, 
NagCOj-HgO,  is  obtained,  whilst  any  caustic  soda  and  most  of  the 
other  impurities  remain  in  the  mother  liquor.  This  is  now 
calcined  in  a  reverberatory  furnace  to  get  rid  of  the  water  of 
crystallization  and  also  to  burn  off  organic  matter  and  transform 
as  much  as  possible  of  the  impurities  (such  as  sulphide  and 
hydrate)  into  carbonate,  known  in  commerce  rs  soda  ash. 

The  ammonia  soda  process.— By  this  process  common 
salt  is  cotiverled  directly  into  sodium  bicarbonate.  It  consists 
essentially  in  passing  carbon  dioxide  through  an  ammoniacal 
solution  of  common  salt,  when  the  reaction  takes  the  form — 
NaCl  +  NH3  +  CO2  +  H2O  =  NaHCOg  +  NH4CI. 
Brine  is  first  almost  saturated  with  ammonia  and  is  then 
run  through  the  pipe  A  down  a  tower  built  of  sheet-iron 
of  the  construction  shown  (Fig.  26).  The  tower  is  6ft.  in 
diameter  and  at  least  50ft.  high;  at  intervals  of  about  3ft. 


Fig.  27.  Fio.  28. 

there  are  compound  diaphragms  made  up  of  a  horizontal 
flat  plate  with  a  large  hole  in  the  centre,  and  over  this  a  curved 
plate  perforated  with  small  holes  and  deeply  cut  into  grooves  round 
the  circumference,  as  shown  in  Figs.  27  and  28.  The  carbon 
dioxide  is  forced  in  under  pressure  at  the  base  of  the  tower  at  B, 
and  as  it  rises  upwards  it  meets  at  the  perforations  the  thin  layer 
of  brine  which  spreads  itself  over  the  sieve-like  plates.  The  sodium 
bicarbonate  which  forms  is  carried  down  through  the  slits  at  the 
edge  of  the  diaphragm.  It  collects  at  the  base  of  the  tower  C, 
forming  a  fluid  of  creamy  consistency,  and  this  is  periodically 
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drawn  off  at  D,  and  the  salt  is  separated  from  it  by  filtration. 
The  carbon  dioxide  carries  forward  with  it  a  certain  amount  of 
ammonia  which  is  recovered  by  washing  the  gas  after  it  leaves 
the  upper  part  of  the  tower  by  the  pipe  E  ;  in  order  to  reduce 
the  quantity  of  ammonia  carried  off  in  this  way  it  is  usual  to 
introduce  the  brine  at  about  the  middle  of  the  tower.  The 
bicarbonate  is  heated  in  order  to  transform  it  into  carbonate — 

2  NaHCOg  =  NaaCOj  +  HgO  +CO2, 
and  the  carbon  dioxide  used  in  the  process  is  obtained  partly  in 
this  way  but  chiefly  (mixed  with  nitrogen)  from  lime-kilns. 

It  will  be  noticed  that  ammonium  chloride  (also  ammonium 
carbonate)  is  formed  and  remains  in  the  liquors.  The  ammonia 
alone  is  recovered  from  this  by  heating  it  along  with  milk  of 
lime  in  a  specially  constructed  still — 

2  NH4GI  +  CaO  =  CaClg  +  2  NH3  +  HjO. 
(NH4)2C03  +  CaO  =  CaCOg  +  2  NHg  +  H2O. 
The  whole  of  the  chlorine  contained  in  the  sodium  chloride  is 
lost  and  passes  away  in  the  waste  liquors  as  calcium  chloride, 
but  this  loss  is  compensated  by  the  purity  of  the  resulting  sodium 
carbonate,  and  by  the  economy  in  this  process  as  compared  with 
that  of  Leblanc,  in  which  the  carbonate  is  made  by  a  much  more 
complicated  method. 

Caustic  soda  may  be  prepared  from  the  tank  liquor  by  boiling 
it  with  lime — 

CaO  +  NagCOs  +  HgO  =  CaCOs  +  2  NaOH, 
but  it  is  usual  to  employ  the  mother  liquor  from  the  pans  and 
drainers,  which  already  contains  much  caustic  soda.  Such 
liquors  contain  considerable  quantities  of  sulphide,  thiosulph- 
ate,  cyanide  and  some  sulphate  of  sodium,  and  before  being 
treated  with  lime  they  are  oxidized  either  by  blowing  air 
through  the  hot  liquor  or  by  the  addition  of  nitre.  The  boiling 
with  lime  and  the  earlier  stages  of  the  concentration  of  the 
caustic  liquor  are  done  in  large  open  pans,  termed  from  their 
shape  "boat-pans."  It  is  then  settled  and  the  clear  liquor 
finally  boiled  down  in  large  hemispherical  pots  called  "finishing 
pots."  As  the  water  is  gradually  evaporated  off  in  these  pots 
the  temperature  of  the  mass  rises  from  140°  C.  until  it  reaches 
260°  C.  ;  towards  the  end  of  this  process,  owing  to  the  high 
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temperature,  the  cyanides  are  decomposed  and  a  scum  of 
graphite  forms  at  the  surface.  Finally  a  further  oxidation  is 
performed  by  blowing  or  by  the  addition  of  nitre,  and  the  tem- 
perature is  maintained  for  some  hours  whilst  oxide  of  iron  and 
other  impurities  settle  out,  and  the  fused  caustic  soda  is  then 
run  into  iron  drums  where  it  solidifies. 

Silicates  of  sodium.— A  strong  solution  of  sodium  silicate, 
known  as  water-glass,  is  used  for  coating  the  surface  of  stone ; 
it  is  also  employed  in  the  manufacture  of  certain  forms  of  soap, 
in  calico  printing,  wool  cleansing,  etc.  It  is  prepared  by  fusing 
sodium  carbonate  with  sand  or  by  heating  sand  with  caustic 
soda  under  pressure. 

Sodium  biborate,  borax,  NagB^O^lOHgO,  occurs  as  a  deposit 
on  the  site  of  dried-up  inland  lakes  in  some  parts  of  India,  in 
Tibet,  and  in  California.  It  is  extracted  by  simply  boiling  with 
water  until  a  concentrated  solution  is  obtained,  and  then  after 
settling  it  is  allowed  to  crystallize  out.  The  boric  acid  from 
the  lagoons  of  Tuscany  also  furnishes  it  by  digestion  with  soda- 
ash.  It  crystallizes  in  monoclinic  prisms  and  is  very  much  more 
soluble  in  hot  water  than  cold  ;  100  parts  of  water  dissolve 
about  five  parts  of  borax  at  ordinary  temperatures  and  about 
200  parts  at  100°  C.  When  heated,  it  is  transformed  into  a  soft 
spongy  mass  consisting  of  the  anhydrous  salt  which  is  used  in 
welding  iron.  Borax  finds  many  applications  in  the  arts,  and 
being  a  powerful  antiseptic  it  is  employed  for  pres'^rving  articles 
of  food. 

Detection  and  estimation. — The  sodium  salts  are  almost 
all  freely  soluble  in  water,  but  fi-om  moderately  sti'ong  solutions 
they  are  precipitated  by  the  addition  of  potassium  metantimoniate, 
KSbOs.  (See  p.  253.)  The  presence  of  sodium,  even  in  verv  small 
quantities,  may  be  recognized  by  the  bright  yellow  colour  given 
to  the  flame.  In  the  spectroscope  a  yellow  line  coinciding  with 
the  Fraunhofer  line  D  is  seen,  which  under  sutficient  dispersion 
proves  to  be  double. 

Sodium  is  usually  estimated  in  the  form  of  sulphate,  obtained 
by  heating  with  excess  of  sulphuric  acid  to  dull  redness. 


CHAPTER  IX. 

THE  ALKALINE  EARTHS, 
Ca,  Sr,  Ba. 

General  Characters. — 

1.  As  in  the  case  of  the  alkalies,  the  metals  are  obtained  by 
electrolysis  of  the  fused  chlorides,  and  the  resemblance  ex- 
tends to  the  character  of  the  metals,  which  are  (a)  soft  and 
malleable,  (6)  decompose  water  at  ordinary  temperatures, 
(c)  become  oxidized  without  the  application  of  heat  when 
exposed  to  air  or  oxygen. 

2  They  are  dyads,  and  replace  two  atoms  of  hydrogen  in  the 
acids,  and  thus  their  compounds  are  represented  by  the 
typical  formnlse  RCig,  RSO4,  RCO3,  etc. 

3.  The  oxides  dissolve  in  water,  forming  strongly  basic  hydrox- 

ides, which  however  are  less  caustic  and  less  soluble  than 
those  of  the  alkalies.  The  solubility  increases  in  the  order 
Ca,  Sr,  Ba,  that  is  as  the  atomic  weight  rises. 

4.  They  form  dioxides  (peroxides)  ;  but  only  in  the  case  of 

barium  is  the  dioxide  formed  in  the  dry  way,  that  is,  by 
heating  the  oxide  in  air. 

5.  The  haloid  salts  (except  the  fluorides)  and  nitrates  are  readily 

soluble  in  water,  and  the  fluorides,  sulphates,  phosphates  and 
carbonates  either  insoluble  or  only  slightly  soluble,  the  solu- 
bility decreasing  in  the  order  Ca,  Sr,  Ba,  i.  e.  with  rising 
atomic  weigljt. 

6.  The  carbonates  are  decomposed  at  a  red  heat. 
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7  They  form  carbides  of  the  compoBition  RC^,  and  these  re-act 
'     with  water  at  ordinary  temperatures,  producing  hydrocar- 
bons, mainly  acetylene. 

CALCIUM- 

Occurrence.-As  carbonate  (limestone)  it  is  found  iti  rock 
masses,  and  also  in  crystals  as  calcite  and  aragonite ;  as  sulphate 
in  the  forms  anliydnte,  tlie  anhydrous  sulpluite,  GabU*,  and  gyp- 
sum, or  selenite  (hyckated),  CaS0..2II,0,  as /t^on^Ze  in  fluorspar 
CaF.,  and  as  phosphate  in  apatite,  Ca32r04.  Dolomite  (and 
magnesian  limestone)  is  calcium  carbonate  in  which  part  ot  the 
calcium  is  replaced  by  magnesium,  CaMgCOg. 

Metal.— Obtained  by  heating  the  anhydrous  iodide  with  so- 
dium, or  by  electrolyzing  the  fused  chloride,  preferably  mixed 
with 'strontium  or  bariinn  chloride,  in  order  that  the  fusion  may 
be  brought  about  at  a  lower  temperature.  It  is,  like  the  other 
metals  of  this  group,  a  soft,  malleable  metal,  having  a  bright  sur- 
face when  freshly  cut,  and  like  them  also  it  readily  decomposes 
water  at  ordinary  temperature. 

Oxides  and  hydroxides.— The  monoxide,  CaO,  is  usually 
obtained  by  igniting  Ihuestone,  mixed  with  coal,  in  a  kiln.  It  is 
termed  "quicklime,"  and  when  brought  into  contact  with  water 
combination  takes  place,  and  a  considerable  amount  of  heat  is 
evolved,  calcium  hydroxide,  Ca(0H)2,  being  formed.  The  lumps 
of  lime  fall  to  powder  when  thus  treated,  "  slaked  "  lime  being  pro- 
duced ;  with  sufficient  water  to  bring  it  to  a  creamy  consistency, 
"milk  of  lime"  is  produced. 

Calcium  oxide,  or  lime,  is  infusible  even  in  the  oxy-hydrogen 
blowjiipe.  It  dissolves  at  ordinary  temperatures  in  about  700 
parts  of  water  ;  the  limewater  so  formed  has  an  alkaline  reaction, 
readily  absorbs  carbon  dioxide,  and  becomes  transformed  into  the 
carbonate. 

The  dioxide,  CaOg,  is  prepared  by  adding  hydrogen  peroxide  to 
limewater.  In  the  dry  way  (by  heating  the  pure  carbonate)  it  is 
only  formed  in  small  quantity. 

Ordinary  mortar  is  made  by  mixing  lime  in  the  moist  state  with 
three  or  four  times  its  weight  of  sand.  The  hardening  of  mortar 
is  due  to  its  gradual  transformation  into  carbonate,  and  to  some 
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extent  silicate  ;  and  it  has  been  found  that  the  setting  of  mortar 
takes  place  more  rapidly  when  carbonaceous  matter,  or  ammoniniii 
carbonate,  is  brought  into  intimate  admixture  with  it.  Certain 
siliceous  limestones,  when  burnt,  form  hydraulic  mortar  or  cement 
which  possesses  the  property  of  hardening  under  water.  Port- 
land cement,  for  instance,  contains  over  20  per  cent,  of  silica  as 
well  as  about  10  per  cent,  of  the  oxides  of  alumina  and  iron. 

Lime -burning. — Lime,  CaO  (known  technically  as  quicJclitne), 
is  obtained  on  the  large  scale  Dy  the  action  of  heat  on  limestone, 
CaCOa. 

The  decomposition  of  limestone  and  the  conditions  favourable 
to  it  will  be  understood  by  reference  to  pages  27  and  28.  From  a 
consideration  of  these  conditions  it  appears  that  to  secure  a  com- 
plete transformation  of  the  limestone  into  lime,  it  is  necessary  to 
sweep  out  the  carbon  dioxide  gas  which  is  liberated. 

For  successful  lime  burning  it  is  therefore  essential  to  heat  up 
the  mass  to  bright  redness  (the  temperature  should  not  much 
exceed  1000°C),  and  to  provide  such  a  form  of  kiln  as  shall  furnish 
a  draught  of  air  sufficient  to  displace  the  carbon  dioxide  so  soon  as 
it  is  set  free.  The  presence  of  a  certain  amount  of  moisture  is 
advantageous,  smce  it  is  found  that  steam  facilitates  the  operation. 

The  fuel  used  should  burn  with  little  ash,  and  may  consist  of 
wood,  coke,  or  coal.  Two  forms  of  kilns  are  still  in  use,  the  older 
form  is  usually  egg-shaped  and  has  a  fire  grate  at  the  bottom,  a 
layer  of  large  pieces  of  limestone  is  arranged  over  this  in  the  form 
of  an  arch,  and  above  this  smaller  pieces  are  placed  until  the  kiln 
is  filled  up  to  the  top.  A  fire  is  lighted  under  the  arch  of  lime- 
stone and  kept  burning  for  three  days  and  nights,  by  which  time 
the  whole  of  the  limestone  is  converted  into  quicklime  and  can  be 
raked  out  at  the  bottom.  In  the  more  modern  or  continuous 
process  the  kilns  are  bucket  shaped,  or  simfiar  in  form  to 
an  ordinary  blast  furnace  (see  Fig.  35),  and  often  as  much 
as  30  ft.  high.  In  these  the  fuel  and  limestone  are  charged 
in  alternating  layers  in  the  proportion  of  about  one  part 
of  fuel  to  xour  parts  of  limestone,  and  at  the  base  of  the  kiln  are 
gratings  and  dampers  for  admitting  and  regulating  the  supply  of 
air.  In  some  recent  forms  of  kiln  arrangements  have  been  made 
for  using  producer-gas  as  the  source  of  heat,  the  operation  being 
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under  these  circumstances  much  more  easily  controlled  than 
where  solid  fuel  is  used. 

The  quality  of  the  quicklime  varies  according  to  the  nature 
.  of  the  limestone  from  which  it  is  made.    Quicklime  which  slakes 
readUy  giving  out  much  heat  is  called  fat  lime,  whilst  the  kmd 
which  contains  much  silica,  alumina,  and  magnesia,  and  which 
slakes  feebly  is  called  ^oor  Zime. 

Sulphides  of  calcium.— The  monosulphide,  CaS,  is  obtained 
by  heating  together  a  mixture  of  the  sulphate  with  coal ;  as  pre- 
pared in  this  way  it  is  a  white  powder,  soluble  to  some  extent 
in  water,  forming  the  hydrosulphide  Ca(SH)2.  It  possesses  the 
property  of  appearing  luminous  in  the  dark  after  it  has  been  ex- 
posed to  sunlight,  the  sulphides  of  strontium  and  barium  likewise 
exhibiting  this  character.  Phosphorescence  is  also  shown  by 
apatite,  and  by  green  fluorspar  when  heated.  By  digestin^^ 
flowers  of  sulphur  with  milk  of  lime,  other  sulphides,  varying 
in  composition  between  the  disulpMde  CaSg,  to  the  pentasulpMde 
CaSg,  may  be  oblained. 

All  these  bodies  readily  decompose  in  presence  of  acid,  giving 
off  EgS,  and  in  the  case  of  the  higher  sulphides  depositing  sul- 
phur ;  by  the  addition  of  concentrated  hydrochloric  acid  in  large 
excess  to  the  higher  sulphides,  the  liquid  HgSg  separates  out. 
The  tank  waste  remaining  after  lixiviation  of  black  ash  contains 
such  sulphides,  or  more  probably  an  oxysulphide  of  the  compo- 
sition 2  CaS.CaO. 

Recovery  of  sulphur  from  tank  waste. — Many  processes 
have  been  suggested  for  recovering  sulphur  from  these  residues. 
Two  of  the  most  interesting  which  have  been  adopted  to  the 
greatest  extent  are  the  Mond  process  and  the  Chance-Claus 
process. 

The  Mond  process. — This  consists  essentially  of  weatheiing 
or  oxidizing  the  waste  until  part  of  the  sulphide  is  oxidized  to 
thiosulphate,  CaSgOg,  and  treating  the  residue  with  hydrochloric 
acid : — 

CaSA  -f  2  HCl  =  CaClj  +  S  -f  ^0^  4-  HjO 
(unchanged)  2  CaS  +  4  HCl  =  2  CaClg  -f  2  HgS. 
If  the  oxidation  has  been  allowed  to  proceed  only  so  far  as  to 
transform  one-third  of  the  sulphide  into  thiosulphate,  the  propor- 
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tion  of  the  HgS  to  that  of  the  SOg  produced  will  be  2  :  1,  as  shown 
in  the  equations.  Then  by  the  interaction  of  the  HgS  and  SOg 
mutual  decomposition  takes  place,  and  the  whole  of  the  sulphur 
is  set  free — 

2  HgS  +  SO2  =  2  HgO  +  3  S. 

Tlie  Chanoe-Claus  process. — The  tank  waste  is  finely  pow- 
dered and  suspended  in  water  ;  carbon  dioxide  is  then  forced 
through  the  liquid  ;  the  following  reaction  takes  place  : — 

Cii(SH)2  +  CO2  +  H2O  =  CaCOj  +  2  HgS 
The  HgS  is  then  burnt  in  closed  kilns  containing  oxide  of  iron, 
with  just  sufficient  air  to  efEect  the  combustion  of  the  hydrogen  : 

2  HgS  +  O2  =  2  H2O  +  S 
The  sulphur,  which  separates,  for  the  most  part  collects  at  the 
bottom  of  the  kiln  or  in  a  brick  chamber  attached  thereto  in  the 
molten  condition,  and  is  periodically  run  off. 

Calcium  Carbide,  CaC2. — -This  body  is  made  on  a  moderately 
large  scale  by  exposing  a  mixture  of  3  parts  of  lime  and  2  parts 
of  coke  in  a  closed  furnace  to  the  action  of  a  powerful  electric 
current  by  which  a  high  temperature  is  generated.  Strontia  and 
baryta  under  similar  circumstances  form  corresponding  carbides. 
These  carbides  when  treated  with  water  furnish  ready  supplies  of 
almost  pure  acetylene  in  large  quantity,  a  pound  of  the  carbide 
yielding  about  5  cubic  feet  of  the  gas  : — 

CaC2  +  H2O  =  CaO  +  C2H2. 

Calcium  fluoride,  Car2,  is  found  in  cubical  crystals  or  in 
masses,  especially  in  districts  where  lead  ores  occur.  It  is  either 
colourless  or  of  a  green  or  purple  colour.  It  is  used  as  a  flux 
(whence  its  name)  in  many  metallurgical  operations,  and  serves 
to  bring  slags  into  a  fluid  condition  at  a  lower  temperature.  U 
is  insoluble  in  water  and  most  acids,  but  concentrated  sulphuric 
acid  decomposes  it,  with  the  evolution  of  hydrofluoric  acid,  which 
is  usually  pr.  pared  in  this  way. 

Calcium  chloride,  CaCla,  is  obtained  as  a  waste  product  m  the 
production  of  soda  by  the  ammonia-soda  process,  in  the  recovery 
of  manganese  dioxide  (see  page  155),  and  in  the  manufacture  of 
potassium  chlorate.  It  is  prepared  on  a  small  scale  by  actmg  on 
lime  or  calcium  carbonate  with  hydrochloric  acid.  When  exposed 
to  air  the  anhydrous  chloride  readily  deliquesces,  and  it  is  eni^ 
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ployed  in  the  laboratory  for  drying  gases.  It  is  extremely  soluble 
in  water,  and  boiling  saturated  solutions  deposit  crystals  of  the, 
composition  GaClg.G  on  cooling.  Like  many  other  chlorides 
(e.  g.  of  Ag,  Hg,  Cu)  it  takes  up  ammonia  in  a  definite  amount, 
forming  CaClg.S  NH3. 

Bleaching  powder.— If  chlorine  be  passed  into  nulk  of  lime 
kept  cool,  calcium  hypochlorite,  Ca(0Cl)2  is  rorme-d— 

2  Ca(0H)2  +  CI2  -  Ca(0Cl)2  +  CaCl2  +  2H2O 
in  the  hot  milk  of  lime,  calcium  chlorate  Ca(C103)2  is  formed— 
6  Ca(0H)2  +  6  CI2  =  5  CaCl2  +  Ca(C103)2  +  6  B^O. 

If  however,  dry  shiked  lime  be  exposed  to  an  atmosphere  of 
chlorine,  it  takes  up  about  37  per  cent,  of  its  weight  of  chlorine, 
and  forms  "  bleaching  powder,"  some  of  the  lime  remaining  un- 
altered. 

Manufacture  of  Chlorine   and   bleaching  powder.- 

Chlorine  is  prepared  on  the  large  scale  fi-om  the  same  materials 
(MnOs  and  HCl)  as  are  employed  in  the  laboratory.  The  vessel 
in  which  the  reaction  is  carried  on  is  usually  a  square  or  octagonal 
flagstone  still  holding  a  charge  approaching  half  a  ton  of  manganese 
dioxide  and  the  requisite  amount  of  hydrochloric  acid.  Heat  is 
necessary,  and  as  with  such  a  still  du-ect  fire  cannot  be  used,  high 
pressure  steam  is  blown  in,  especially  towards  the  end  of  the  operation. 

The  residue  in  the  stUl  at  the  end  of  the  operation  is  stUl  acid, 
and  contains  the  manganese  in  solution  as  chloride  (MnClj)  ;  this 
originally  was  run  off  to  waste,  but  by  the  Weldo7i  recovery 
process  it  is  now  possible  to  get  most  of  the  manganese  back  in 
the  form  of  peroxide.    The  steps  in  the  process  are  as  follows  : — 

(1)  The  liquor  is  neutralised  by  adding  to  it  powdered  limestone 
or  chalk,  and  iron  salts,  which  are  invariably  present,  undergo 
decomposition  with  the  precipitation  of  ferric  hydrate. 
This  is  allowed  to  settle  out  in  tanks. 

(2)  To  the  settled  clear  liquor  mUk  of  lime  in  some  excess  is 
added,  manganese  is  thrown  down  partly  as  manganous 
hydrate  Mn(0H)2  and  partly  in  combination  with  lime. 

(3)  The  precipitate  is  now  warmed  by  steam,  and  oxidised  by 
forcing  air  in  small  bubbles  through  the  liquor.  In  this 
way  calcium  manganite  CaMuaOs  (i.e.,  a  compound  of  lime 
and  MnOa)  is  formed  it  is  known  as  "  manganese  mud." 
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evo^vLri* '°  obtained  has  about  80  per  cent,  of  the  value  for 

Hqdd  at  t!"bl!  f  t  '"^"'^  clear 
nquia  as  possible  has  been  run  off  from  it  (after  settlin-^  thi. 
mud  .s  run  into  the  still  and  used  over  igai      In  so  id^ 

Sart  he  !  "-^-f  ''''  it  i«  "Bual  to 

a  Xn  n '         '  '"''"^^      hydrochloric  acid  into  the  still  first 

n^l  Z  T     ^^'^  manganese  mud  gradually. 
A  mixture  oTr^"  ^7""^^  -^"^        production  of  chlorine- 
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up  toloOT"  7"  ^hydrochloric  acid  gas)  is  heated 

Pnn,P  1  f  .  ?  P'''''*  ^^'^'^  '^"^k^  ^^hich  have  been 
caused  to  take  up  copper  salts  by  being  dipped  into  a  solution  of 
cupric  chloride.  At  this  temperature,  and  in  contact  with  such 
materials  the  oxygen  of  the  air  and  the  hydrochloric  acid  gas 
react  so  that  a  large  percentage  of  the  latter  is  decomposed  and 
chlorine  is  liberated — 

4  HCl  +  Os  =  2  HsO  +  2  Gh. 

Even  in  the  Weldon  process  the  chlorine  carries  over  with  it 
moisture  and  hydrochloric  acid  gas  from  the  stills,  and  before  it 
IS  used  in  makmg  bleaching  powder  it  must  be  thoroughly  cooled 
by  passing  through  pipes  in  order  that  the  acid  and  moisture  may 
condense.  In  the  Deacon  process,  however,  much  acid  escapes 
decomposition,  and  such  a  method  would  be  insuEBcient.  In  this 
case  the  hydrochloric  acid  gas  must  be  washed  out  in  coke  towers 
and  then  dried  by  passing  through  strong  sulphuric  acid. 

Tlie  production  of  bleaching  powder.— The  chlorine  as 
obtained  in  the  Weldon  process  is  now  passed  into  large  chambers, 
about  six  feet  high,  on  the  floor  of  which  dry  slaked  lime  in  fine 
powder  is  spread  to  the  depth  of  3  or  4  inches.  The  chlorine  is 
gradually  taken  up  by  the  lime,  which  is  thus  converted  into 
bleaching  powder  capable  of  yielding  35  to  37  per  cent,  of 
chlorine  on  treatment  with  dilute  acid. 

The  chlorine  obtained  by  the  Deacon  process  is  weaker,  i.e., 
more  diluted  with  air,  and  the  chamber  is  divided  up  by  horizontal 
shelves,  and  also  partitioned  vertically  so  as  to  expose  a  much 
larger  surface  to  the  chlorine,  the  slaked  lime  in  this  case  being 
spread  only  to  the  depth  of  half-an-inch  or  a  little  over. 
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The  constitution  of  bleaching  powder. 
Balard  regarded  it  as  Ca(0CI),.CaC]3  together  with  G^{0J1),. 
Stahlschmidt      „      Ca(OH)(OCl).CaC  .2  H,0. 
Odling  „      Ca(OC])Cl  and  Ca(0H)2. 

It  has  been  found  that :—  ,,  ,  n  vu 

(1)  The  whole  of  the  chlorine  may  be  expelled  from  it  by  ex- 
posure to  moist  carbon  dioxide  at  70°  C. ;  it  cannot  therefore 
contain  calcium  chloride,  since  this  is  not  decomposed _  by 
carbon  dioxide.  Moreover,  it  is  not  deliquescent  (GaGIg  is) ; 
and  though  calcium  chloride  is  freely  soluble  in  alcohol,  an 
alcoholic  extract  of  bleaching  powder  is  only  found  to  con- 
tain traces  of  chloride. 

(2)  The  "  available  "  chlorine,  that  is,  the  chlorine  which  is  ex- 
pelled by  the  action  of  dilute  acids,  amounts  in  samples 
which  have  been  most  carefully  saturated,  to  43|  per  cent, 
and  no  more. 

The  formula  of  Odiing  alone  completely  satisfies  these  con-  ■ 
ditions,  the  percentage  of  available  chlorine  being  such  as  to 
indicate  the  composition  2  Ca(0Ci)Cl.Ca(0H)2. 

When  bleaching  powder  is  stirred  up  with  cold  water,  the 
liquid  shows  an  alkaline  reaction  owing  partly  to  the  solution  of 
the  hydi-oxide  in  the  bleaching  powder  and  partly  to  the  forma- 
tion of  calcium  hypochlorite,  which  possesses  an  alkaline  reaction. 

Dm-ing  decomposition  either  oxygen  or  chlorine  may  be  set 
free  according  to  circumstances.  If  dry  bleaching  powder  be 
ignited  or  a  concentrated  extract  be  heated,  oxygen  is  given  ofE  ; 
by  the  action  of  dilute  acids  (even  moist  carbon  dioxide)  chlorine 
is  liberated—  CaOGla  -1-  H3SO4  =  CaSOi  +  H2O  +  Gh 

CaOCla  +  GO2  =  CaCOs  CI3. 
In  presence  of  certain  oxides,  e.g.,  MnOi,  HgO,  Fe203,  CuO,  CoO 
or  its  salts,  oxygen  is  evolved,  especially  on  warming.  Sodium 
carbonate  reacts  with  the  formation  of  sodium  chloride  and 
hypochlorite  and  ammonia  undergoes  decomposition  like  that 
which  it  suffers  in  presence  of  chlorine,  nitrogen  being  evolved. 

CaOGla  +  2  CoO  =  CaCl2  +  C03O3 
and  then  G02O3  breaks  up  on  warming  into  CoO  and  oxygen. 
3  CaOCls  +  2  NH3  =  3  CaCU  -h  3  H2O  -1-  N2 
OaOCls  +  MnS04  +  IW  =  CaSOi  4-  Mn02  +  2"HC1. 
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Calcium  sulphate,  CaSO^.-This  body  occurs  in  the  mineral 
lorms  already  mentioned,  or  may  be  precipitated  by  the  addition 
of  a  soluble  sulphate  to  a  solution  of  a  calcium  salt.   It  possesses 
the  singular  property  (Ume  resembles  it  in  this  respect)  of  being 
somewhat  less  soluble  in  hot  water  than  cold,  requiring  over  500 
parts  of  water  to  100°  C,  but  only  400  parts  at  35°  C.  to  dissolve  it. 
When  water  containing  calcium  sulphate  is  used  in  boilers,  a  firm* 
coherent  deposit  of  the  salt  gradually  forms  on  the  inner  surface 
of  the  boiler.   If  rendered  anhydrous  by  heating  to  about  140°  C 
it  is  converted  into  plaster  of  Paris;  and  this,  made  into  a  paste 
with  water,  gi-adually  hardens,  owing  to  its  recombination  with 
water.    Calcium  sulphate  is  very  much  more  soluble  in  hydro- 
chloric acid  than  in  water. 

Calcium  orthophospliate,  CajPgOg.— This  is  the  most  im- 
portant of  the  phosphates  of  lime;  it  occurs  in  bone  and  in 
mineral  concretions  known  as  "  coprolites "  ;  also,  associated 
with  chloride  and  fluoride  respectively,  as  chlorapatite,  3  CagPgOg 
CaClj,  or  fluorapatite,  3  Ca3P208.CaF2.  The  phosphate  is  only 
slightly  soluble  in  water,  though  readily  in  acids,  and  is  pre- 
cipitated when  a  soluble  phosphate,  such  as  sodium  phosphate,  is 
added  to  the  aqueous  solution  of  a  calcium  salt  in  presence  of 
ammonia.  The  "  superphosphate  of  lime,"  used  as  a  manure  and 
for  the  preparation  of  phosphorus,  is  obtained  by  acting  upon 
calcium  phosphate  (bone-ash)  with  sulphuric  acid.  It  is  a  mixture 
of  the  acid  calcium  phosphate,  CaH4P208,  with  calcium  sulphate. 

Calcium  carbonate,  CaCOa.— Mineral  forms  are  Iceland  spar 
or  calcite,  crystallizing  in  the  hexagonal  system,  and  aragonite 
crystallizing  in  rhombic  prisms.  Soluble  calcium  salts  also  yield 
a  precipitate  of  the  carbonate  when  treated  with  ammonium  car- 
bonate, and  it  is  also  obtained  synthetically  by  the  action  of 
carbon  dioxide  on  lime,  or  on  lime  water.  It  is  practically  insol- 
uble in  water,  but  soluble  with  the  formation  of  the  bicarbonate 
CaH2(C03)2  in  excess  of  carbon  dioxide,  and  in  mineral  acids, 
which  latter,  however,  decompose  it.  It  is  found  in  many  natural 
waters,  being  held  in  solution  as  CaH2(C03)2  by  the  excess  of 
carbon  dioxide,  and  as  this  escapes  it  becomes  deposited  as  tufa 
or  as  stalactites  and  stalagmites. 
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Detection  and  estimation.-Calcium  compounds  that  are 
volatilized  in  the  non-lunnnons  Bunsen  flame  impart  to  it  a 
colour  somewhat  resembling  that  of  strontium  (and  hthium),  but 
duller  and  more  of  a  yellow  shade.  The  spectrum  is  a  coniplex 
one  in  which  the  orange  double  line  of  wave  lengths,  6181,  62UA 
and  a  green  line  of  wave  length  5593  are  prominent  and  char- 

'  The  separation  of  the  alkaline  earths  (Ca,  Sr,  Ba)  from  the 
alkalies  is  effected  by  means  of  the  insolubility  of  their  carbon- 
ates, which  are  precipitated  on  the  addition  of  ammonium  car- 
bonate to  a  neutral  or  alkaline  solution. 

Calcium  salts  (except  in  very  concentrated  solution)  are  not 
precipitated  by  sulphuric  acid,  whilst  strontium  salts  are  slowly 
and  incompletely  precipitated,  and  barium  salts  are  immediately 
and  completely  precipitated.  This  will  be  understood  from  the 
fact  that  BaSOi  is  soluble  in  400,000  parts  of  water,  SrSO^  in 
7000  parts,  and  CaSO^  in  400  parts. 

Calcium  nitrate  is  readily  soluble  in  alcohol,  the  correspond- 
ing salts  of  strontium  and  barium  being  insoluble  ;  calcium 
nitrate  may  therefore  be  separated  from  the  nitrate  of  strontium 
and  barium  by  alcohol. 

Calcium  salts,  in  neutral  or  alkaline  solution,  are  completely 
precipitated  by  ammonium  oxalate,  and  by  heating  this  in  the 
blow-pipe  flame  till  the  weight  becomes  constant,  GaO  is  left; 
by  this  method  calcium  is  quantitatively  estimated. 

STRONTIUM. 

Occurrence.— The  minerals  celestine,  SrS04,  and  stronti^nite, 
SrCOj,  are  the  chief  sources  from  which  the  strontium  compounds 
are  obtained.  An  isomorphous  mixture  of  sulphates  of  barium 
and  strontium,  known  as  baryto-celestine,  is  also  known. 

The  metal,  the  oxides,  and  sulphides,  resemble  those  of  cal- 
cium, the  oxide,  SrO,  is,  however,  more  soluble,  100  parts  of 
water  dissolving  about  1-5  parts  at  ordinary  temperatures,  and 
48  parts  at  100°  C.  Strontium  hydroxide  is  used  for  separating 
from  molasses  a  quantity  of  cane  sugar  which  cannot  be  crystal- 
lized out ;  it  forms  with  the  sugar  a  compound  which  is  insoluble 
and  readUy  separates.    Prom  this  the  sugar  is  obtained  by  sus- 
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pending  the  compound  in  water  and  passing  carbon  dioxide, 
wliich  transforms  the  strontia  into  carbonate,  the  sugar  being  left 
in  the  liquor. 

The  chloride  and  nitrate  are  readily  soluble  in  water,  but  not 
to  such  a  large  extent  as  the  corresponding  calcium  salts.  They 
are  obtained  by  the  action  of  the  respective  acids  on  the  oxide  or 
carbonate.  The  nitrate  is  largely  used  in  pyrotechny  for  red 
lire. 

Detection  and  estimation.— Strontium  salts  give  a  pure 
crimson  colour  to  the  flame.  In  the  spectroscope  the  character- 
istic and  most  intense  lines  are— the  orange  line  (6059),  the  red 
lines  (6694  and  6464),  and  the  blue  line  (4607).  The  estimation 
is  usually  made  as  strontium  sulphate,  which,  in  presence  of 
alcohol,  is  completely  precipitated. 

BARIUM. 

Occurrence.— The  minerals  heavy  spar  or  barytes,  BaS04,  and 
witherite,  BaCOj,  and  baryto-calcite,  an  isomorphous  mixture  of 
barium  and  calcium  carbonate,  are  the  most  important  forms  in 
which  barium  is  found.  In  small  quantities  it  is  widely  dis- 
tributed, and  may  be  detected  in  some  mineral  waters  and  in 
sea  water. 

The  metal  is  obtained  by  a  similar  method  to  that  employed 
for  calcium,  which  it  resembles  also  in  its  properties. 

The  oxides  and  hydroxides. — By  heating  the  carbonate  or 
nitrate,  the  monoxide,  BaO,  is  obtained,  and  this,  when  heated  in 
air  or  oxygen,  is  gradually  transformed  into  the  peroxide,  BaOa. 
At  a  still  higher  temperature  the  oxygen  thus  taken  up  is  again 
set  free,  and  by  alternately  raising  and  lowering  the  temperature 
an  unlimited  amount  of  oxygen  may  be  prepared  in  this  way, 
using  baryta  as  the  intermediate  body.  The  presence  of  moisture 
and  carbon  dioxide  is  detrimental,  and  after  a  few  repetitions  the 
baryta  ceases  to  act  efficiently  ;  if,  however,  dry  air  freed  from 
carbon  dioxide  is  employed,  the  same  charge  of  baryta  may  be 
used  an  unlimited  number  of  times.  This  method  of  obtaining 
oxygen  from  the  air  has  been  worked  on  the  large  scale  under  the 
title  of  the  Brin  process.  Instead  of  alternately  raising  and 
'owering  the  temperature,  it  is  found  more  convenient  to  keep 
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tlic  temperature  constant  and  vary  the  pressure.  The  furnace 
is  kept  at  the  temperature  necessary  to  enable  the  baryta  to  take 
up  oxygen  and  become  converted  Into  the  peroxide  ;  the  pressure 
is  then  lowered  to  about  ^  of  an  atmosphere  and  the  peroxide 
decomposes  and  gives  up  oxygen.  The  peroxide  is  soUible  to 
some  extent  in  water,  and  crystallizes  therefrom  as  BaOg.S  HgU- 
The  peroxides  of  calcium  and  strontium  are  only  obtained  in  the 
wet  way  by  adding  hydrogen  peroxide  to  a  solution  of  the 
hydroxide,  but  the  peroxide  of  barium  may  be  prepared  by  either 
this  or  the  dry  method  just  described. 

Barium  hydroxide,  Ba(0H)2,  difEers  from  the  corresponding 
calcium  and  strontium  compounds  in  being  freely  soluble  in 
water,  100  parts  of  water  dissolving  about  3  parts  of  it  at  ordin- 
ary temperatures,  and  more  than  its  own  weight  at  100°  0.  It 
readily  absorbs  carbon  dioxide,  forming  barium  carbonate,  and 
from  it  the  various  salts  of  barium  may  be  prepared  by  neutral- 
izing with  the  corresponding  acid. 

It  is  worthy  of  remark  that  the  poisonous  character  of  the 
hydroxides  and  soluble  salts  of  the  alkaline  earths  increases  with 
the  atomic  weight,  calcium  compounds  being  in  general  not 
markedly  injurious  to  the  system,  and  barium  compounds  highly 
poisonous,  whilst  strontium  compounds  are  intermediate  in 
respect  of  their  toxic  action. 

Barium  chloride,  BaClg.— This  salt  is  obtained  by  the  action 
of  hydrochloric  acid  on  the  oxide  or  carbonate  (witherite).  It  is 
not  deliquescent,  being  much  less  soluble  than  calcium  chloride, 
and  crystalHzes  with  two  molecules  of  water  of  crystallization, 
BaC]2.2  HjO.  The  solubility  of  the  chlorides  of  Ca,  Sr,  and  Ba 
in  100  parts  of  water  is  as  follows — 

At         10°  C.  40°  0.         80°  0.  100°  C. 

CaClj   60  110  142  155 

SrCla    48  67  92  102 

BaCl^  33  41  52  59 

It  is  almost  insoluble  in  concentrated  hydrochloric  (or  nitric)  acid. 
It  is  used  for  preparing  barium  sulphate  for  use  as  the  pigment 
known  as  permanent  white,  because  it  is  unaffected  by  sulphuretted 
hydrogen  or  other  impurities  occurring  in  air  ;  also  for  decom- 
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posing  calcium  sulphate  in  permanently  hard  water,  and  thereby 
preventing  the  incrustation  which  calcium  sulphate  forms. 

CaSO^  +  BaClg  =  BaSO^  +  CaClj. 
The  BaS04  being  quite  insoluble  is  precipitated  in  the  form  of  a 
heavy  white  powder,  which  does  not  adhere  to  the  boiler  plates. 

Barium  chlorate,  Ba(C103)2,  is  formed  by  adding  barium 
carbonate  to  chloric  acid.  Barium  chlorate  is  also  obtained  by 
passing  chlorine  into  a  hot  solution  of  burium  hydrate,  just  as 
calcium  chlorate  is,  but  the  separation  of  the  chloride'  in  the 
liquor  from  the  chlorate  cannot  be  readily  effected,  because  both 
these  salts  are  approximately  of  the  same  degree  of  solubility. 
It  is  employed  in  pyrotechny,  as  is  also  the  nitrate,  for  the 
production  of  green  fire.  When  the  salt  is  fused  in  an  atmo- 
sphere of  coal  gas  a  vivid  combustion  takes  place,  the  coal  gas 
burning  at  the  expense  of  the  oxygen  of  the  chlorate. 

Barium  sulphate,  BaS04,  is  one  of  the  most  insoluble  salts 
known.  It  may  be  obtained  by  direct  union  of  the  oxide  with 
sulphur  trioxide,  the  heat  evolved  during  the  combination  bein^,^ 
such  as  to  raise  the  mass  to  incandescence.  It  is  also  formed 
whenever  sulphuric  acid  or  a  soluble  sulphate  is  added  to  a 
solution  of  a  barium  salt,  and  is  the  means  by  which  sulphuric 
acid  is  quantitatively  estimated.  Though  acids  have,  as  a  rule, 
no  action  upon  it,  hot  concentrated  sulphuric  acid  dissolves  it 
somewhat  readily,  and  the  acid  salt,  BaH2(S04)2,  separates  on 
cooling,  in  crystals. 

Barium  nitrate,  Ba(N03)2,  is  obtained  by  dissolving  the 
oxide  or  carbonate  in  nitric  acid.  An  interesting  method  for  its 
preparation  consists  in  the  mutual  action  of  solutions  of  barium 
chloride  and  sodium  nitrate,  from  which  the  less  soluble  sodium 
chloride  separates  out.  Barium  nitrate,  like  the  chloride,  is  only 
slightly  soluble  in  concentrated  nitric  acid,  a  white  precipitate  of 
the  salt  being  formed  when  the  acid  is  added  in  sufficient  quan- 
tity to  an  aqueous  solution  of  the  salt.  It  is  a  powerful  oxidizing 
agent,  and  when  heated  in  presence  of  carbon  it  is  decomposed 
with  explosive  violence. 

Detection  and  estimation. — Those  barium  salts  which  are 
volatile  at  the  temperature  of  the  flame  of  a  Bunsen  burner,  give 
rise  to  a  characteristic  apple-green  colour.    The  principal  lines 
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iti  the  spectrum  are  the  green  line  (w.l.  5536),  the  yellow  line 
(w.l.  5881),  and,  less  strong,  the  orange  line  (w.l.  6044).  The 
spectrum  is  a  very  complex  one,  and  consists  chiefly  of  a  number 
of  broad  fluted  bands. 

Barium  salts  may  be  distinguished  by  being  precipitated  at 
once  by  a  solution  of  calcium  sulphate.  When  present  in  the 
form  of  acetate,  barium,  unlike  calcium  and  strontium,  is  precipi- 
tated as  chromate  on  the  addition  of  potassium  chromate,  and  in 
this  way  barium  salts  may  be  separated  from  the  other  salts  of 
the  alkaline  earths. 

Tt  is  invariably  estimated  in  the  form  of  barium  sulphate. 


CHAPTER  X. 


THE  MAGNESIUM  GROUP. 
Mg,  Zn,  Cd,  Hg. 

General  characters. — 

1.  The  metals  are  more  readily  obtained  than  in  the  previous 
groups,  being  generally  prepared  by  reduction  of  the  oxides  in 
contact  with  carbon.  The  reduction  proceeds  more  easily  the 
higher  the  atomic  weight,  the  oxide  in  the  case  of  mercury  being 
decomposed  by  heat  alone. 

2.  The  molecule  in  the  state  of  vapour  consists  of  one  atom, 
at  any  rate  so  far  as  Zn  Cd  and  Hg  are  concerned.  The  melting 
poinis  and  boiling  points  of  the  metals  are  lower,  the  higher  the 
atomic  weight,  and  the  specific  gravity  increases  with  the  atomic 
weight. 

Melting  point.       Boiling  point.     Specific  gravity. 
Mg.       abt.  570°O  white  heat  1-75 

Zn.  430°  C  1040°  C  7-1 

Cd.  320°  C  860°  C  8-5 

Hg.  -39°  C  350°  C  13-69 
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3  The  oxides  have  the  general  formula  RO,  the  elements 
being  divalent ;  they  are  much  less  pronounced  m  their  basic 
character  than  those  of  the  alkalies  or  alkaline  earths,  and  form 
hydroxides  which  are  readily  transformed  into  oxides  by  heat,  and 
are  only  slightly  soluble  in  water. 

4  The  feeble  affinity  for  acids  is  indicated  by  a  marked  tend- 
ency to  the  formation  of  basic  salts,  especially  noteworthy  in  the 
case  of  the  carbonates  and  the  chlorides. 

5.  They  form  amides  RCNHa)^,  nitj-ides  RjNg,  and  also  combine 
directly  with  phosphorus  to  form  phosphides. 

6.  They  form  no  alums,  but  the  chlorides  and  sulphates  espe- 
cially combine  with  alkaline  chlorides  and  sulphates,  and  give 
rise  to  well-defined  double  salts,  whose  general  formula  is  MCI. 
RCU  and  M3SO1.RSO4,  where  M  is  the  alkaline  element  and  R  a 
member  of  this  group. 


MAGNESIUM. 


Occurrence.— This  element,  although  never  found  in  nature 
uncombined,  is  yet  one  of  the  most  abundant  and  widely  dis- 
tributed of  the  metals,  being  found  as  a  constituent  of  many  rocks 
and  minerals.  In  the  form  of  carbonate  it  occurs  combined  with 
calcium  carbonate  as  the  mineral  dolomite  or  magnesium  lime- 
stone, which  is  found  in  masses  often  several  hundred  feet  in 
thickness.  It  is  also  found  as  carbonate  in  the  form  of  magnesite, 
a  mineral  which  crystallizes  in  rhorabohedra,  isomorphous  with 
the  crystals  of  calcite.  As  sulphate  it  occurs  in  sea  water 
and  in  some  mineral  waters.  Temporary  hardness  in  spring- 
water  is  sometimes  due  to  the  presence  of  magnesium  salts  in 
solution.  In  the  neighbourhood  of  Stassfurt,  large  deposits 
of  it  are  found  in  the  form  of  kieserite  MgSOi.HaO,  a 
mineral  which  is  employed  in  the  preparation  of  magnesium 
sulphate  or  Epsom  salts.  As  chloride  it  is  found  at  Stassfurt 
in  carnallite,  a  double  chloride  of  potassium  and  mag- 
nesium, KCl.MgCla.G  H2O.  It  is  also  an  essential  constituent 
of  many  mineral  silicates^  the  best  known  being  hornblende,  talc, 
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asbestos  meerschaum,  olivine  and  serpentine.  Being  so  widely 
distributed,  It  .8  not  surprising  that  it  should  be  found  in  the 
tissues  of  plants  and  the  bony  parts  of  animals  wherever  lime 
salts  iire  ordinarily  present. 

Metal  -Bunsen  obtained  the  metal  by  the  electrolysis  of  the 
liised  chloride,  but  it  is  more  usually  prepared  by  heating  the 
anhydrous  mixture  of  potassium  and  magnesium  chlorides  (which 
results  from  fusing  carnallite  together  with  a  little  fluorspar  in 
contact  with  sodium,  and  purifying  the  crude  metal  by  sub- 
linung  it). 

The  metal  is  of  a  lustrous  white  colour,  it  is  malleable  and  can 
be  obtained  m  coarse  wire.  It  bums  witJi  great  brilliancy  when 
heated  m  air  or  oxygen  or  even  at  the  expense  of  the  oxygen  in 
carbon  dioxide,  carbon  separating  out  in  the  last  case.  Hot  water 
IS  decomposed  by  it  very  slowly,  but  steam  more  rapidly.  One  of 
Its  most  remarkable  properties  is  the  facility  with  which  it  com- 
biues  with  nitrogen  ;  when  heated  in  this  gas  it  forms  a  yellowish- 
green  amorphous  nitride  Mg^-N^.  Metallic  magnesium  is  also,  at 
high  temperatures,  a  very  powerful  reducing  agent,  and  there  are 
very  few  oxides  or  compounds  containing  oxygen  which  are  not 
either  partially  or  entirely  deprived  of  their  oxygen  when  they 
are  heated  in  contact  with  powdered  magnesium. 

The  oxide  MgO  is  obtained  as  a  white  powder  when  mag- 
nesium burns,  or  when  the  nitrate  or  carbonate  is  strongly 
heated.  It  is  slightly  soluble  in  water,  to  which  it  gives  a  faintly 
alkaline  reaction.  The  hydroxide  Mg(0H)2  is  obtained  as  a 
flocculent  precipitate  on  adding  caustic  alkalies  or  baryta  to  a 
solution  of  magnesium  chloride.  The  oxide  is  very  infusible, 
and  is  used  in  the  making  of  fire  bricks,  and  for  pencils  used  in 
the  Drummond  light. 

The  chloride  MgClg  is  formed  by  burning  the  metal  in  chlorine, 
or  by  the  action  of  hydrochloric  acid  on  magnesia  or  magnesium 
carbonate.  From  a  concentrated  solution,  deliquescent  crystals  of 
the  composition  MgClj-GHgO  separate  out;  the  anhydrous 
chloride  is  difficult  to  obtain  in  the  pure  condition,  for  if  heat  be 
applied  to  get  rid  of  the  water  of  crystallization,  some  hydro- 
chloric acid  is  given  oS  and  a  basic  chloride  remains.  When 
nearly  all  the  water  has  been  driven  off  at  about  300°  C,  the  basic 
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fldlt  is  heated  to  bright  redness  and  almost  tlie  whole  of  the  re- 
maining chlorine  comes  off  chiefly  in  tlie  free  state,  but  partly 
combined  with  hydrogen  as  hydrogen  chloride.  Over  40  per  cent, 
of  the  chlorine  contained  in  magnesium  chloride  may  be  ob- 
tained as  such,  and  hence  this  process  has  been  worked  with  a 
view  to  the  production  of  bleaching  powder. 

The  bromide  and  iodide,  MgBrg  and  Mgia,  are  very  soluble 
salts,  resembling  the  chloride,  and  like  it  occurring  in  small 
quantity  in  sea-water,  the  peculiar  bitter  taste  of  sea-water  being 
attributable  to  the  presence  of  magnesium  salts. 

Magnesium  sulphate,  MgSO^,  is  prepared,  as  already 
mentioned,  from  kiescrite  or  by  calcining  dolomite  or  mag- 
nesian  limestone  (a  mixture  of  lime  and  magnesia  being  thns 
obtained);  the  residue  is  exhausted  with  water  to  partially 
remove  the  lime,  and  then  by  the  action  of  dilute  sulphuric 
acid  a  solution  is  obtained  from  which  on  concentration 
magnesium  sulphate  crystallizes  out.  The  salt  is  freely  soluble 
in  water,  and  when  concentrated  at  ordinary  temperatures  it 
separates  as  MgSO^.T  HjO  (Epsom  salts),  but  at  30'  C,  MgSO^ 
6  HgO  is  the  product  obtained.  When  saturated  solutions  of 
magnesium  sulphate  and  the  sulphate  of  potassium  or  ammonium 
are  mixed  together,  crystals  of  the  respective  double  salts  K2SO4 
MgSO^.e  HjO  and  (NHj2SOi.MgS04.6  H2O  separate  out. 

Magnesium  phosphate,  Mg3(P04)2,  is  found  in  bones  and 
in  the  tissues  of  plants;  tlie  double  salt,  NH4.MgP04.6  HgO,  is 
of  importance  as  being  almost  insoluble  in  water,  especially  if 
a  little  ammonia  be  added.  It  is  obtained  by  adding  sodium 
phosphate  to  an  ammoniacal  solution  of  a  magnesium  salt ;  on 
ignition  it  is  converted  into  miignesium  pyrophosphate,  Mg2P207 
and  magnesium  may  be  quantitatively  estimated  from  the  weight 
of  the  pyrophosphate  obtained. 

Magnesium  carbonate,  MgCOj. — This  occurs  native  as  mag- 
nesite.  When  magnesium  salts  are  precipitated  by  sodium  carbon- 
ate, the  composition  of  the  product  varies  with  the  temperature 
and  the  proportions  in  which  the  reagents  are  mixed.  Basic  car- 
bonates are,  however,  always  formed,  and  from  these  the  normal 
carbonate  is  obtained  by  digesting  them  with  water  in  which 
oarbon  dioxide  is  dissolved.     Sodium  carbonate  when  added 
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to  a  solution  of  magnesium  sulphate  in  the  cold  yields  a  basic 
carbonate  of  the  composition  Mg(OH)2.4MgC03.9  HgO,  and  from 
a  boiling  solution,  magnesia  alba  Mg(OH)2.3MgC03.3H20  is 
precipitated. 

These  bodies  are  almost  insoluble  in  water,  but  in  presence  of 
ammonium  salts  a  soluble  double  salt  is  formed,  and  hence  am- 
monium carbonate  fails  to  produce  a  precipitate  in  magnesium 
salts. 

Detection  and  estimation. — Magnesium  salts  possess  very 
few  distinctive  properties  which  can  be  used  as  means  of  identifi- 
cation. The  carbonate  although  insoluble  is  not  precipitated  in 
presence  of  ammonium  salts  for  the  reason  stated  above. 

In  the  course  of  analysis,  all  other  elements  except  magnesium 
and  the  alkalies  are  first  separated,  and  it  is  a  question  therefore  of 
its  detection  in  the  presence  of  alkalies  alone.  The  insolubility  of 
the  phosphate  (the  phosphates  of  the  alkalies  being  soluble)  affords 
a  means  of  separation,  the  reagent  used  for  its  precipitation  being 
sodium  phosphate. 

When  heated  on  charcoal,  magnesium  salts  like  those  of  Zn,  Al 
and  the  alkaline  earths  leave  a  white  residue  which  glows 
brightly ;  this  residue  when  moistened  with  nitrate  of  cobalt 
and  again  heated  strongly  shows  a  faint  rose-colour.  Magnesium 
is  estimated  as  described  previously  in  the  form  of  pyrophosphate. 


ZINC. 

Occurrence. — The  chief  ores  are  the  sulphide,  called  zinc  blende 
or  familiarly  "  black-jack,"  the  silicate,  known  as  electric  calamine, 
and  the  carbonate,  termed  calamine. 

Extraction  from  the  ore. — This  involves  two  main  pro- 
cesses— 

(a)  Calcination  or  roasting. 

(b)  Reduction. 

Calcination. — Calcination  proper  is  employed  in  the  case  of 
calamine  for  the  purpose  of  expelling  the  carbon  dioxide  and 
moisture.  For  zinc  blende,  the  operation  of  roasting  is  performed, 
■  are  being  especially  necessary  to  transform  the  sulphide  as 
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completely  as  possible  into  oxide  and  at  the  same  time  to  avoid 
its  passage  into  the  sulphate.  j  /in  mv.,. 

Reduction.— Three  processes  have  been  largely  used :  (1)  Lhe 
English  process,  now  entirely  given  up  ;  (2)  the  Belgian  process  ; 
(3)  the  Silesian  process,  mostly  employed  for  poor  ores  All 
these  depend  on  coal  or  carbonaceous  matter  as  the  reducmg 
agent,  and  they  differ  chiefly  in  the  form  and  setting  of  the  retorts 
used  for  working  the  charge  and  in  the  method  of  condensing  the 

7.'U\C. 

The  Belgian  process.— The  retorts  are  of  fireclay,  circular  or 

elliptical  in  section,  about  3  feet 

6  inches  loTig  and  9  inches  wide, 

fitted  at  the  mouth  after  charging 

with    conical    clay  condensing 

tubes   terminating   in   an  iron 

nozzle.    Thirty  to  forty  of  these 

retorts    are    arranged,  sloping 

downwards  towards  the  mouth, 

in  a  furnace  as  shown  (Fig.  29). 

The  charge,  consisting  of  about 

two  parts  of  the  calcined  ore 

(zinc  oxide)  to  one  of  coal,  both 

in  powder  and  intimately  mixed, 

is  laid  about  7  inches  deep.  A 
bright  red  heat  is  kept  up  for  24 
hours  and  the  oxide  undergoes 
reduction,  with  the  formation  of 
carbon  monoxide  which  burns  at  Pk,  29. 

the  mouth  of  the  condenser. 

ZnO  +  C  =  Zn  +  CO. 
The  temperature  used  being  above  the  boiling  point  of  zinc, 
the  metal  passes  off  in  the  form  of  vapour  and  condenses  for  the 
most  part  in  the  clay  tubes.  Zinc  ores  are  always  associated  with 
cadmium,  and  this  having  a  lower  boiling  point  volatilizes  first, 
producing  brown  fumes  (oxide  of  cadmium),  and  the  stage  at  which 
the  zinc  begins  to  distil  is  known  by  the  flame  at  the  mouth  of 
the  condenser  changing  to  a  greenish  colour,  and  by  the  brown 
fuipe  giving  place  to  a  white  fume  of  zinc  oxide.  The  extraction  of 
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Zinc  is  accompanied  by  a  loss  of  from  16  to  20  per  cent,  of  the 
zinc. 

Silesian  process.— The  retorts  used  are  flat  at  the  bottom 
iind  D  shaped  in  section  and  both  longer  and  deeper  than  tliose 
•ilready  described.    The  shape  and  their  arrangement  in  the 
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furnace  will  be  evident  from  Figs.  30  and  31,  tlie  latter  being 
that  of  the  ordinary  muffle  ;  a  curved  tube  passing  from  the 
mouth  of  the  retort  into  a  vertical  cast-iron  tube  acts  as  condenser. 
Thirty  or  more  of  these  muffles  each  having  a  charge  of  about  5 
cwt.  are  placed  in  each  furnace  and  heated  by  gas. 
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The  metal  is  of  a  white  colour  witli  a  bluish  cast,  brittle  at  ordi- 
nary temperatures,  but  at  about  100°  to  150°  G.  it  becomes  ductile 
and  may  be  drawn  into  wire  and  rolled  into  sheet ;  above  200°  C. 
it  loses  its  cohesion  and  may  readily  be  jvowdered.  Commercial 
zinc  contains  traces  of  iron,  cadmium,  arsenic  and  sulphur ;  it 
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dissolves  freely  in  dilute  mineral  acids,  and  strong  solutions  of 
caustic  alkalies  with  the  evolution  of  hydrogen— 
Zn  +  2  HCl  =  ZnClj  +  Hj 
Zn  +  2  KOH  =  KaZnOa  +  Hj 
Potissiuui  zinciite. 

Water  at  its  boiling  point  is  decomposed  by  zinc.  _  In  the  con- 
densation of  zinc  a  portion  of  the  product  is  obtained  in  fine 
powder,  known  as  zinc  dust  and  frequently  used  as  a  reducing 
agent.  Zinc  is  largely  used  for  galvanizing  iron  plate  which 
when  dipped  in  the  molten  metal  becomes  coated  with  a  thin 
layer  of  zinc  and  is  thereby  less  liable  to  corrosion  when  exposed 

to  the  atmosphere. 

Alloys.— The  alloys  which  contain  zinc  are  very  numerous 

and  find  wide  application. 

The  most  important  of  these  is  brass,  consisting  of  copper  and 
zinc,  the  colour  and  other  physical  properties  of  which  vary  accord- 
ing to  the  proportions  of  its  constituents.  If  it  contains  over 
50  per  cent  of  zinc  it  is  white  and  brittle,  if  over  80  per  cent,  of 
copper  it  is  red  or  reddish  yellow.  Certain  alloys  of  copper  and 
zinc  are  known  by  special  names,  such  as  Muntz  metal,  pinchbeck, 
Dutch  metal.  German  silver  (and  nickel  silver)  is  an  alloy  of 
copper,  zinc  and  nickel,  and  the  English  bronze  coinage  consists  of 
95  per  cent,  of  copper,  4  per  cent,  of  tin  and  1  per  cent,  of  zinc. 

Zinc  oxide,  ZnO,  occurs  native  as  red  zinc  ore,  the  colour 
being  due  to  the  presence  of  iron  or  manganese  oxides.  It  is 
formed  as  a  white  amorphous  powder  when  zinc  burns,  which  it 
does  if  heated  somewhat  above  its  melting  point  in  air  ;  also  by 
strongly  heating  the  carbonate  or  nitrate.  It  is  used  as  a  pig- 
ment under  the  name  zinc  white,  the  value  of  which  consists  in 
preserving  its  whiteness  in  presence  of  sulphuretted  hydrogen 
(the  sulphide  being  white)  or  other  impurities  in  air. 

The  hydroxide  Zn(0H)2  is  obtained  by  adding  caustic  alkalies 
to  zinc  salts ;  excess  of  the  alkali  re-dissolves  the  precipitate. 
In  presence  of  caustic  alkalies,  zinc  oxide  may  be  regarded  as 
playing  the  part  of  an  acid-forming  oxide,  potassium  zincate, 
KgZnOa,  being  formed  when  zinc  (especially  in  presence  of  iron) 
is  heated  with  a  strong  solution  of  caustic  potash. 

Zinc  sulphide,  ZnS,  is  a  white  powder,  the  dark  colour  of 
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the  mineral,  blende,  being  duo  (o  the  presence  of  iron;  in  the 
hydrated  form,  it  is  obtained  by  the  action  of  sulphuretted 
hydrogen  or  ammonium  hydrosulphide  on  the  neutral  solution 
of  a  zinc  salt.  It  is  insoluble  in  acetic  acid  but  soluble  in 
mineral  acids.  A  pentasulphide  of  zinc,  ZnSg,  is  obtained  by 
adding  potassium  pentasulphide  to  a  zinc  salt. 

Zinc  amide,  Zn(NH2)2,  is  formed  by  acting  on  zinc  ethyl  with 
dry  ammonia — 

ZnCCaHs)^  +  2NH3  =  Zn(NH2)2  +  ^C^U^. 
Water  decomposes  it — 

Zn(NH2)2  +  2H2O  =  Zn(0H)2  +  2NH3 
and  by  heat  it  is  transformed  into  a  green  powder,  the  nitride  of 
zinc,  ZugNj — 

3Zn(NH2)2  =  Z03N2  +  4NH3. 

A  phosphide  of  similar  composition  is  obtained  by  the  direct 
union  of  zinc  and  phosphorus. 

Zinc  chloride,  ZnClg.— This,  as  well  as  the  bromide  and 
iodide,  m:\y  be  prepared  by  the  interaction  of  zinc  with  the 
halogen  element,  or  by  the  action  of  the  halogen  acid  on  the 
metal,  oxide  or  carbonate.  It  is  extremely  soluble  in  water, 
even  one-third  of  its  weight  of  water  sufficing  to  produce  a 
thick  oily  liquid,  from  which  on  evaporation  the  anhydrous  sub- 
stance is  obtained  as  a  white  solid.  It  is  very  deliquescent,  and 
hence  a  powerfid  dehydrating  agent,  attacking  many  organic 
substances  with  the  ab'-traction  of  water.  By  boiling  its  solution 
with  zinc  oxide,  oxychloride  of  zinc  is  formed. 

Zinc  sulphate,  ZnSO^,  known  also  as  white  vitriol,  is  formed 
by  the  action  of  sulphuric  acid  on  zinc  or  its  oxide  or  carbonate ; 
also  by  roasting  zinc  blende.  Three  parts  of  water  dissolve  four 
parts  of  the  salt  at  ordinary  temperatures,  and  on  concentration 
of  the  solution  it  separates  out  in  crystals,  having  the  composi- 
tion ZnSOi?  H2O. 

Zinc  carbonate,  ZnCOj,  occurs,  as  already  stated,  in  the  form 
of  calamine.  On  the  addition  of  KHCO3  to  a  zinc  salt  this  (the 
normal)  carbonate  is  precipitated,  but  if  K2GO3  be  used,  basic  car- 
bonates of  variable  composition  are  obtained  according  to  the 
temperature  at  which  the  experiment  is  carried  out  or  the  amount 
of  water  present. 
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Detection  and  estimation.-Zmc  salts  do  not  ordinarily 
..^:rtlour  to  -  B.sen  ^n.^^^^^^^^^^^^^^ 

Tet:  n :SXrHnes  b ei^those^of  wave  leng..  6362 
one,  tiie  luuic  ^'  °  x  •  i„f  aq98  4-^24  4911  m  the  blue, 

and  6099  in  the  red,  and  a  triplet  4928,  4y^4,  ^yii  lu 

Characteristic  features  are —  .       ,     •  3„ 

(1)  The  formation  of  a  white  sulphide  (soluble  in  mineral  acids 

insoluble  in  acetic  acid),  by  the  action  of  sulphuretted 
hydrogen  or  soluble  sulphides. 

(2)  The  precipitation  of  the  hydroxide  by  caustic  alkalies, 

soluble  in  excess. 

(3)  The  white  residue  (luminous  when  hot)  left  on  charcoal 

when  zinc  salts  are  strongly  heated,  and  the  green  colour 
which  appears  when  this  residue  is  heated  after  the 
addition  of  cobalt  nitrate.  ,     ,    ,  • 

Zinc  is  usually  estimated  in  the  form  of  oxide,  the  basic  car- 
bonate being  first  precipitated  by  means  of  sodium  carbonate, 
and  this  converted  into  the  oxide  by  strong  ignition. 


CADMIUM. 

Occurrence.— Cadmium  is  predominant  in  a  few  minerals,  e.  g. 
Greenockite,  CdS,  but  the  bulk  of  it  is  found  accompanying  zinc 
oves,  the  extraction  proceeding  alongside  that  of  zinc.  _ 

The  metal  is  quite  white  and  fibrous  ;  it  can  be  rolled  uito 
sheet  or  drawn  into  wire,  and  though  it  melts  at  315°  C,  it  ' is 
found  that  when  one  part  of  it  is  alloyed  with  bismuth  four 
parts,  lead  two  parts,  and  tin  one  part,  the  product  melts  at 
61°  C.   This  is  called  Wood's  metal. 

The  oxide,  CdO,  is  of  a  rich  brown  colour,  and  is  observed 
during  the  distillation  of  zinc  ores,  and  also  as  an  incrustation 
when  cadmium  salts  are  heated  on  charcoal.  The  hydroxide  is, 
like  zinc  hydroxide,  obtained  by  the  addition  of  caustic  alkalies 
to  its  salts  ;  it  absorbs  carbon  dioxide  on  exposure  to  air  in  the 
moist  condition. 

The  salts  of  cadmium  show  very  great  resemblance  to  those 
of  zinc ;  the  normal  carbonate  is  unknown,  the  precipitate  ob- 
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tained  by  alkaline  carbonates  being  always  a  basic  carbonate  of 
variable  composition. 

The  sulphide  of  cadmium  ia  of  a  bright  yellow  colour,  soluble 
in  moderately  concentrated  mineral  acids  ;  it  is  formed  when 
sulphuretted  hydrogen  is  passed  through  a  solution  of  a  cadmium 
salt.  Sulphide  of  cadmium  may  be  separated  from  sulphide  of 
cojiper  by  digestion  with  dilute  sulphuric  acid  (one  part  of  acid 
to  five  of  water),  the  sulphide  of  cadmium  being  dissolved  ;  also 
from  a  mixture  of  the  sulphides  of  zinc  and  cadmium,  the 
former  may  be  dissolved  out  by  very  dilute  sulphuric  acid. 

Detection  and  estimation. — The  detection  of  cadmium  is 
based  on — 

(1)  The  formation  of  a  brown  incrustation  on  charcoal. 

(2)  The  precipitation  as  a  yellow  sulphide,  insoluble  in  dilute 

iicids. 

The  estimation  is  made  either  as  sulphide  or  as  oxide,  the 
methods  being  similar  to  those  used  with  zinc. 

MERCURY. 

Occurrence. — Although  occasionally  found  in  small  quantity 
in  the  free  state,  the  sulphide,  HgS,  cinnabar,  is  by  far  the  most 
important  source  of  mercury.  The  chief  localities  where  the 
extraction  is  carried  on  are  Idria  in  Austria,  Almaden  in  Spain, 
and  in  the  neighbourhood  of  San  Francisco,  California. 

Extraction  from  the  ore. — The  process  of  extraction  is  an 
(-•xtremeiy  simple  one,  and  consists  usually  in  roasting  the  ore 
in  a  reverberatory  furnace,  or  even  a  small  blast  furnace,  with 
access  of  air  by  which  the  sulphur  is  oxidized  to  sulphur  di- 
oxide, and  the  mercury  set  free  and  volatiHzed. 

HgS  +  Oj,  =  Hg  +  SO2. 

Sometimes  lime  or  oxide  of  iron  ("smitliy  scales")  are  mixed 
with  the  ore,  and  the  sulphur  retained  in  this  way  as  sulphide  of 
lime  or  iron  respectively.  The  condensation  of  the  vapours  of 
mercury  is,  however,  a  matter  of  some  difficulty,  and  the  methods 
employed  vary  considerably  in  the  different  localities. 

At  Idria,  the  vapours  are  passed  through  chambers,  and  a 
series  of  twin  tubes  of  cast-iron  cooled  externally  by  water.  They 
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tue  80  arranged  that  tlie  condensed  inetal  collects,  and  runs  down 
into  the  receptacle  at  the  base  of  each  tube.  In  Almaden,  twelve 
parallel  series  of  conical  clay  receivers  called  "aludels,"  luted 
together,  are  interposed  between  the  furnace  and  the  flue  ;  each 
of  these  is  about  twenty  inches  long,  and  a  series  extends 
about  twenty  yards.  The  lines  of  aludels  are  of  sufficient  length 
to  allow  the  vapours  and  gases  to  cool  down  nearly  to  the 
temperature  of  the  air,  and  so  arranged  as  to  allow  the  condensed 
mercury  to  gravitate  towards  a  common  channel  where  it 
collects. 

The  metal  thus  obtained  contains  small  quantities  of  lead, 
bismuth,  zinc,  etc. ;  it  may  bo  purified  by  distillation  in  vacuo, 
or  by  treatment  with  dilute  nitric  acid,  which  dissolves  out  the 
impurities.  It  has  a  specific  gravity  of  13 •596,  and  is  the  only 
metal  that  is  liquid  at  the  ordinary  ten)perature8  ;  it  possesses 
a  silvery  lustre  ;  at -39°  C.  it  becomes  solid,  and  in  this  form  it 
is  malleable.  Even  at  ordinary  temperatures  it  has  a  small 
vapour  tension,  and  gives  otf  minute  quantities  of  its  vapour  into 
the  atmosphere  in  contact  with  it ;  at  about  360°  C.  it  boils,  and 
is  entirely  transformed  into  vapour,  the  molecule  of  which  is 
monatomic  (see  page  16).  When  heated  almost  to  its  boiling 
point  in  air  it  becomes  coated  with  the  red  oxide,  HgO  ;  ozone 
oxidizes  it  superficially  at  ordinary  temperatures. 

Amalgams. — With  most  of  the  metals  it  forms  alloys 
(amalgams),  and  in  some  cases  these  amalgams  possess  a  defi- 
nite composition,  and  crystalline  form,  e.  g.  HggNa  is  brittle, 
and  crystallizes  in  the  regular  system.  Sodium  amalgam  is  a 
convenient  reducing  agent,  for  when  brought  into  contact  with 
water  or  solutions  in  water,  hydrogen  is  evolved.  Tin  amalgam 
is  used  for  producing  the  silvery  coating  on  glass  for  mirrors. 

Mercury  forms  two  series  of  compounds,  the  mercwom  in 
which  it  is  monovalent,  and  the  mercuric  in  which  it  is  divalent. 
It  will  be  seen  that  the  two  series  differ  very  considerably  in 
properties. 

Mercurous  oxide,  Hg^O,  is  a  dark  brown  powder  obtained 
by  digesting  calomel  (HgCl)  with  caustic  potash  ;  it  is  unstable 
and  is  even  decomposed  by  the  action  of  light  with  the  produc- 
tion of  mercuric  oxide  and  metallic  mercury. 
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Mercuric  oxide,  HgO,  exists  as  a  crystalline  red  powder 
obtained  by  iieatiug  the  metal  in  air,  or  by  calcining  the  nitrate. 
It  is  also  obtained  as  a  yellow  powder  by  the  addition  of  caustic 
alkalies  to  mercury  salts,  and  in  this  form  by  reason  of  its  finely 
divided  state,  and  the  readiness  with  which  it  parts  with  oxygen, 
the  oxide  is  an  active  oxidizing  agent. 

Mercuric  sulphide,  HgS,  is  formed  as  a  black  powder  hy 
triturating  mercury  and  sulphur  together,  or  by  precipitating  solu- 
tions of  mercuric  salts  with  sulphuretted  hydrogen.  It  occurs 
also  as  a  bright  red  powder,  the  pigment  vermilion.  This  is  pre- 
pared either  by  the  dry  process  in  which  a  mixture  of  mercury 
and  sulphur  is  heated,  or  by  the  vxt  process,  in  which  amorphous 
sulphide  of  mercury  is  exposed  to  action  of  alkaline  sulphides. 
Exceptional  brightness  of  tint  and  degree  of  fineness  are  attained 
only  by  attention  to  technical  detail  in  the  preparation. 

Mercury  nitride,  Hg3N2.— This  body  is  obtained  by  gently 
heating  (to  about  130°  C.)  dry  yellow  mercuric  oxide  in  a  current 
of  gaseous  ammonia, — 

3  HgO  +  2  NH3  =  HgjNj  +  3  H2O. 

By  the  action  of  dilute  ammonia  on  yellow  mercuric  oxide, 
Millon's  base  is  formed  ;  this  body  has  the  composition  NHi.'^. 
OH2.OH,  and  by  gently  heating,  it  is  transformed  into  the  anhy- 
drous (NHg2)20.  These  substances  in  the  dry  state  are  very 
unstable  and  liable  to  decompose  with  explosion,  yet  they  are  so 
strongly  basic  as  to  resemble  the  caustic  alkalies,  expelling 
ammonia  from  its  compounds,  absorbing  carbon  dioxide  very 
freely  and  only  undergoing  decomposition  when  fused  with 
potash  or  soda.  NHgj  OHj.OH  forms  a  well-defined  series  of 
salts  in  which  the  OH  group  is  replaced  by  the  acid  radical. 

This  tendency  to  form  ammonia-bases  and  salts  contain- 
ing the  amido-group  NHj  is  particularly  characteristic  of 
mercury. 

Thus  mercurouB  chloride,  HgCl,  is  by  the  action  of  aqueous 

CI 

ammonia  transformed  into  the  black  amido-compound  Hg2<C]^jj 

2  HgCl  +  2  NH3  =  Hg2<^^g^  +  NH4GI 
and  mercuric  chloride,  HgClj,  is  likewise  acted  upon  by  aqueous 
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ammonia  forming  the  body  termed  inf^mble  white  pi-ecipitate, 


Hg<NH 


2 


HgCl,  +  2  NH3  =  Hg<g\.j^  +  NH.Cl 


Ammonia  also  forms  additive  eompounds  such  as  HgjCla 
'>NH  and  Hoda-SNHj,  the  latter  being  known  as /w  si  We  white 
precipitate.  Similar  derivatives  are  obtainable  with  other  salts 
of  mercury. 

Mercurous  chloride  or  calomel,  HgCl.-Is  found  as  the 
mineral  horn-quicksilver  and  produced  artificially  like  the  other 
mercurous  haloid  salts — 

(1)  By  the  direct  union  of  mercury  with  chlorine. 

(2)  By  the  addition  of  the  hydrochloric  acid,  or  a  soluble 
chloride  to  a  solution  of  a  mercurous  salt. 

(3)  By  the  action  of  certain  reducing  agents  such  as  phos- 
phorous acid  or  stannous  chloride  on  mercuric  chloride. 

(4)  By  triturating  mercuric  chloride  with  metallic  mercury.^ 
Calomel  is  an  amorphous  white  powder  insoluble  in  water  and 

acids ;  it  can  be  brought  into  solution  (as  mercuric  chloride)  by 
the  action  of  strong  nitric  acid  or  aqua  regia  or  by  prolonged 
digestion  with  the  dilute  acid.  If  heated  alone  it  sublimes,  but  in 
contact  with  carbon  it  undergoes  reduction  to  metallic  mercury. 

Mercuric  chloride,  corrosive  sublimate,  HgClg. — 
Corrosive  subUmate  is  made  on  the  large  scale  by  heating  5 
parts  of  mercuric  sulphate  with  2  parts  of  common  salt 

HgSOi  +  2  NaCl  =  HgCl^  +  NagSO^ 
and  finally  separating  the  mercury  salt  by  sublimation. 

It  is  readily  soluble  in  water,  alcohol  or  ether,  and  in 
presence  of  hydrochloric  acid  or  alkaline  chlorides,  it  forms  double 
sails  such  as  HgCls-SHCl  and  HgCl2.2NH4Gl.H2O.  It  also 
shows  the  tendency  characteristic  of  this  group  of  elements  to 
form  oxychlorides,  which  are  obtained  by  digesting  the  solution 
with  mercuric  oxide. 

1  It  may  in  general  be  taken  that  In  the  preparation  of  salts  of  mercury,  if  the 
metal  bo  kupt  in  excess  the  viercurous  salt  is  obtained,  whilst  if  the  acid  be  con- 
centrated and  in  excess  the  mercuric  salt  will  be  obtiined,  and  that  the  latter  will  be 
converted  into  the  former  by  trituration  with  excess  of  tlio  metal. 

ADV.  CHEM.  H 
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ooS  ^^y^^^^^'^^^  ^'^"^  a  hot  solution  in  needles  which  melt  at 
288  C.  and  at  about  300°  C.  become  transformed  into  vapour.  The 
compound  is  extremely  poisonous  but  in  small  doses  it  is  a 
valuable  medicine  ;  its  solution  possesses  also  powerful  antiseptic 
properties. 

Mercurous  iodide,  Hgl,  or  mercuric  iodide,  Hglj,  are 

obtained  by  triturating  mercury  and  iodine  together,  the  former 
resultmg  when  excess  of  mercury  is  used,  and  the  latter  if  the 
iodine  is  in  excess.  Mercuric  iodide  is  also  obtained  as  a  brilliant 
red  precipitate,  by  mixing  solutions  of  potassium  iodide  and 
mercuric  chloride,  the  precipitate  being  soluble  in  excess  of  either 
reagent.  If  the  potassium  iodide  be  added  until  the  red  pre- 
cipitate is  just  redissolved  and  then  caustic  soda,  Nessler's 
solution  is  obtained,  and  this  is  an  extremely  sensitive  reagent  for 
detecting  the  presence  of  ammonia.  Minute  traces  of  ammonia 
give  a  yellowish  brown  colouration  and  greater  quantities  yield 
a  brown  precipitate. 

The  scarlet  iodide  of  mercury  when  heated  passes  into  a  bright 
yellow  form,  which  is  however  unstable  and  returns  to  the  red 
form  again,  slowly  on  standing,  or  immediately  by  rubbing  it. 

Mercuric  cyanide,  HgCyg,  is  of  importance  as  being  the 
salt  which  on  heating  yields  cyanogen  gas.  It  is  prepared  by 
boiling  mercuric  sulphate  and  potassium  ferrocyanide  together  in 
aqueous  solution.  It  crystallizes  in  white  needles  and  is  soluble 
in  about  8  parts  of  cold  water. 

Mercurous  sulphate,  Hg2S04,  or  mercuric  sulphate,  Hg 
SO4,  are  obtained  by  heating  together  mercury  and  sulphuric  acid 
according  as  excess  of  mercury  or  sulphuric  acid  respectively  is 
used.  The  mercuric  sulphate  is  the  more  important  salt;  it 
consists  of  white  crystals  which  on  heating  undergo  decom- 
jiosition  with  the  formation  of  mercurous  sulphate.  In  presence 
of  water  the  salt  is  very  liable  to  become  basic  ;  turpeth  mineral 
is  a  yellow  basic  sulphate,  2  HgO.Hg2S04,  obtained  by  digestion 
with  boiling  water. 

Mercurous  nitrate,  HgNOg,  and  mercuric  nitrate,  Hg 
(^03)2,  are  formed  from  mercury  and  nitric  acid  under  similar 
conditions  to  the  sulphates  and  like  th§m  form  basic  ealts  in 
presence  of  water, 
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For  the  weaker  acids  tlie  affinity  of  mercury  is  too  small  to 
admit  of  the  formation  of  stable  salts;  the  phosphates,  carbonates, 
borates  and  silicates  have  been  either  not  prepared  at  aU  or 
obtained  as  basic  compounds  of  variable  composition. 

Detection  and  estimation.— The  most  reHable  method  of 
detection  consists  in  obtaining  from  its  compound  metallic 
mercury,  which  is  easily  recognized.    This  may  be  done  either— 

(1)  By  reduction  in  contact  with  sodium  carbonate,  lime  or 
carbon  in  a  bulb  tube,  or 

(2)  By  digestion  with  stannous  chloride  when  the  mercury  is 
obtained  in  minute  grey  globules, 

HgClg  +  SnClg  =  Hg  +  SnCl4. 
Mercurous  salts  are  precipitated  on  the  addition  of  hydrochloric 
acid  or  a  soluble  chloride  as  calomel  which  by  the  addition  of 

NH 

ammonia  turns  black,  forming  Hgj  q]  ^ 

Mercuric  salts  are  not  precipitated  by  these  reagents,  but  yield 
when  treated  with  sulphuretted  hydrogen  the  black  sulphide, 
HgS,  insoluble  in  dilute  acids.  This  sulphide  is  separated  from 
the  sulphides  of  Gu,  Pb,  Bi  which  are  also  black  and  insoluble 
in  dilute  acids  by  its  insolubility  in  nitric  acid. 

The  quantitative  estimation  of  mercury  is  made  either  by 
igniting  the  compound  with  lime  and  weighing  the  mercury 
which  distils  over  or  by  the  action  of  phosphorous  acid  on 
mercuric  chloride  and  weighing  the  calomel  so  produced. 


CHAPTER  XL 


ALUMINIUM. 

Oc-currence. — In  combination  with  oxj'gen  as  alumina  or 
as  complex  minerals  in  which  alumina  enters  as  one  of  the  con- 
stituents, the  distribution  of  this  element  is  a  very  wide  one. 
Clays  of  all  kinds  consist  essentially  of  silica  and  alumina 
in  varying  proportions  associated  with  smaller  quantities  of  Jime, 
magnesia  and  oxides  of  iron  or  of  the  alkalies.  The  felspars  are 
similar  in  general  composition  to  clay  but  each  possesses  its  own 
proper  crystalline  form  and  more  or  less  definite  amounts  of  the 
constituent  oxides  ;  orthoclase  for  instance  is  essentially  KgO. 
A1203.6  SiOg. 

Kaolin  is  a  white  clay  which  results  from  the  decomposition  of 
felspar  and  consists  of  a  hydrated  silicate  of  alumina,  AlgOj. 
2  Si02.2  HgO. 

Alumina  itself  occurs  as  bauxite,  corundum,  emery  and  the 
precious  stones,  ruby,  amethyst,  sapphire,  topaz,  the  colour  of 
these  bodies  being  due  to  the  presence  of  oxides  of  iron,  cobalt, 
or  chromium.  Cryolite  is  the  double  fluoride  of  sodium  and 
aluminium  6  NaF.AljFg.  and  the  spinelles  are  aluminates  of  zinc 
or  magnesium  RO.AI2O3. 

Metal. — Since  1827,  when  Wohler  first  prepared  metallic 
aluminium,  many  processes  have  been  suggested  from  time  to 
time,  but  roost  of  them  are  only  adapted  for  the  preparation  of 
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the  metal  in  small  quantities.     The  methods  which  have  been 
succeTsfal  on  a  large  scale  may  be  classed  under  two  heads- 

m  Those  in  whlh  a  haloid  salt  or  double  salt  of  alummmm  is 
.  reduced  by  being  heated  with  metallic  sodium. 

(2)  Those  in  which  almninium  (or  its  alloys)  is  obtained  by  the 

electrolysis  of  alumina  or  its  haloid  salts. 
Reduction  proces8.-The  material  used  for  this  purpose 
must  be  free  from  iron,  and  bauxite  is  a  mineral  form  of  alumina 
which  contains  little  oxide  of  iron  ;  even  this,  however,^  must  be 
removed.  This  is  done  by  heating  the  bauxite  m  kiers  with 
a  solution  of  cauntic  soda,  by  which  sodium  aluminate  is  formcd 
and  may  be  separated  from  the  oxide  of  iron  by  lixiviation  with 
,vater-    ^^^^^^^  ^  ^  ^^^^^  ^  ^  Na^O.Al^Oj  +  3  H^O. 

The  t-olution  of  aluminate  is  then  exposed  to  a  current  of  carbon 
dioxide  the  reaction  which  then  occurs  is— 

3  Na^O.AljOs  +  3  00^  =  Al^Oj  +  3  Na^COg 
The  separation  of  the  alumina  (as  hydroxide)  may  also  be 
eflEected  by  digesting  the  sodium  aluminate  witli  an  excess  of 
alumina,  .and  this  process  is  now  more  usually  adopted. 

The  alumina  is  mixed  with  common  salt  and  charcoal,  the 
mixture  is  dried  and  then  exposed  at  a  red  heat  to  dry  chlorine  ; 
aluminium  chloride,  AlgCle,  is  produced  and  tliis  ccmibines  with 
excess  of  the  salt  and  forms  the  double  salt  2  NaCl.AljClo,  the 
product  which  is  most  advantageously  reduced  by  sodium. 

The  reducing  operation  is  carried  on  at  red  heat  in  a  reverber- 
atory  furnace,  the  charge  consisting  of  11  parts  of  the  double  salt 
mixed  with  4  parts  of  sodium  and  5  parts  of  cryolite  added  to 
serve  as  a  flux. 

The  reaction  is  a  violent  one  for  about  a  quarter  of  an  hour  and 
"  at  the  end  of  three  hours  the  reduction  is  finished.  The  aluminium 
collects  on  the  bed  of  the  furnace  beneath  the  slag,  and  after  the 
latter  is  run  oiT  the  metal  is  drawn  and  run  into  moulds. 

The  electric  process. — This  method  was  at  first  used  only 
for  the  production  of  alloys  of  aluminium.  The  charge  con- 
sists of  corundum  (AljOj)  (or  the  alumina  obtained  as  above) 
25  parts,  carbon,  12  parts,  and  metallic  copper,  50  parts, 
and  is  placed  in  a  rectangular  box ;  the  electrodes  are  carbon 
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rods  3  inches  tliick  or  a  group  of  several  thinner  rods. 
The  current  is  furnished  by  a  powerful  dynamo  and  to  begin 
with  the  electrodes  are  brought  near  together,  the  charge  offering 
a  very  high  resistance.  Much  heat  is  developed  and  the  part  of 
the  charge  in  proximity  to  the  electrodes  fuses,  thereby  the 
resistance  decreases  and  the  carbon  rods  can  be  drawn  further 
apart.  Ultimately  the  whole  charge  is  fully  heated  and  in  five 
hours  the  reduction  is  complete,  the  copper-aluminium  alloy 
which  results  containing  15  to  30  per  cent.,  or  even  more,  of 
aluminium.  By  using  alumina  with  the  addition  of  fluoride  to 
act  as  a  flux,  which  thus  enables  the  charge  to  conduct,  it  has 
been  found  that  aluminium  may  be  obtained. 

The  manufacture  of  aluminium  on  these  lines  has  been 
established  by  the  British  Aluminium  Company  at  Foyers  ;  water 
power  is  available  for  running  the  dynamos,  the  cost  being  thus 
reduced  to  about  one-third  of  what  it  would  be  if  coal  were  used. 

The  operation  is  carried  out  in  an  iron  box  lined  with  carbon, 
constituting  the  cathode,  whilst  the  anode  consists  of  a  bundle  of 
carbon  rods  which  extend  nearly  to  the  bottom  of  the  box. 
Part  of  the  energy  of  the  current  employed  has  a  tension 
of  3  to  5  volts,  and  part  of  the  energy  is  utilised  in  keeping 
the  cryolite  molten  (the  temperature  of  the  bath  being 
about  800°  C),  the  remainder  in  electrolysing  the  alumina.  The 
cryolite  itself  does  not  undergo  decomposition,  but  continual 
additions  of  alumina  have  to  be  made  to  replace  that  which  has 
undergone  reduction  to  the  metallic  form.  By  such  appliances 
the  cost  O'f  production  of  aluminium  has  been  reduced  to  little 
over  one  shilling  per  pound,  whereas  the  Deville  process  came  to 
about  sixty  shillings  per  pound. 

Aluminium  is  a  white  metal  with  a  bluish  tinge,  it  is  remark- 
able for  its  lightness,  its  sp,  gr.  being  about  2-6  ;  it  melts  ai 
600°  0.  Its  lightness,  great  tensile  strength  (about  ^  that  of  steel) 
and  malleabihty  render  it  a  most  useful  metal.  It  is  almost  un- 
acted upon  by  acids,  except  the  halogen  acids,  but  aikiilies  attack 
it  rapidly.  In  the  finely  divided  state  or  in  thin  foil  it  burns 
readily  when  heated  in  air  or  oxygen,  but  in  mass,  oxidation  only 
occurs  at  a  white  heat. 

Alloys. — With  copper,  aluminium  forms  alloys  in  all  propor- 
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tions  and  the  products  are  valuable  partly  for  their  colour  (alu- 
minium gold)  and  partly  for  their  tensile  strength  and  resistance 
to  corrosion.  Aluminium  bronze  (90  pts.  of  copper  to  10  pts.  of 
aluminium)  is  one  of  the  most  valuable  of  these  alloys ;  its 
tensile  strength  is  equal  to  that  of  good  steel,  it  has  a  golden 
colour  and  takes  a  high  polish. 

An  alloy  of  aluminium  with  10  per  cent,  of  tin  possesses  most 
of  the  valuable  properties  of  brass,  whilst  it  is  much  lighter  and 
less  easily  corroded  than  brass.  The  addition  of  small  quantities, 
even  per  cent.,  of  aluminium  to  steel  increases  its  fluidity  and 
lowers  its  melting  point  so  that  it  can  be  rendered  more  dei>se 
and  obtained  much  more  free  from  bubbles  of  gas  by  the  hydrau- 
lic pressure  to  which  it  is  subjected  whilst  molten. 

The  oxide,  alumina,  AljOg,  and  the  hydroxide,  Al2(0H)(j.— 
The  hydroxide  is  precipitated  from  solutions  of  the  salts  by 
caustic  alkalies  (soluble  in  excess),  ammonia  or  ammonium  car- 
bonate. It  is  also  precipitated  from  alkaline  aluminates  by 
carbon  dioxide.    (See  p.  181.) 

Some  of  the  less  stable  salts  of  aluminium,  such  as  the  acetate, 
decompose  with  the  separation  of  the  hydroxide  when  the  solu- 
tion is  boiled.  The  hydroxide  as  formed  by  any  of  these 
methods  is  a  bulky  flocculent  precipitate  which  carries  down  with 
it  certain  colouring  matters,  and  if  a  fabric  be  first  charged  with 
suitable  salts  of  aluminium  and  then  brought  into  a  dye-bath  the 
colouring  matter  is  carried  on  to  the  fibre  and  fixed  there.  Salts 
which  act  in  this  way  are  called  mordcmts  from  the  property 
which  they  possess  of  fixing  the  colours  on  cloth. 

The  freshly  precipitated  hydroxide  is  readily  soluble,  even  in 
dilute  acids,  but  it  slowly  passes  at  ordinary  temperatures,  and 
more  rapidly  on  boiling,  into  a  form  which  is  difficultly  soluble. 
This  seems  to  be  due  to  the  loss  of  water  of  hydration,  the  ordi- 
nary hydroxide  AljOj.B  HjO  passing  into  AI2O3.2  HjO  or  AlgOj. 
H2O.  By  igniting  the  hydroxide,  the  whole  of  the  water  is  driven 
off  and  the  anhydrous  oxide  AI2O3  obtained  as  a  pulverulent 
white  powder.  This  is  only  slowly  acted  upon  even  by  concen- 
trated mineral  acids,  and  the  crystalline  forms  of  aluirdna,  such  as 
corundum  and  emery,  are  absolutely  insoluble  in  acids.  By 
exposing  a  dilute  solution  of  aluminium  acetate,  or  one  containing 
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the  basic  chloride  of  aluminium  in  a  dialyser,  the  acid  slowly 
passes  through  the  membrane  and  leaves  a  solution  of  aluminium 
hydroxide  in  water  in  the  colloidal  condition,  and  tliis  coagulates 
on  the  addition  of  small  quantities  of  alkalies,  acids  or  certain 
salts. 

We  recognize  thus — 

(1)  The  colloidal  form  (AljOj  x  HgO),  soluble  in  water. 

(2)  The  precipitated  form  (AljOg.S  HjO),  soluble  in  dilute 

acids. 

(3)  The  precipitated  form  (AI2O3.H2O),  ?  insoluble  in  dilute 

acids. 

(4)  The  crystalline  form  (AI2O3),  insoluble  even  in  strong  acids. 
Aluminium  sulphide,  AI2S3,  is  obtained  by  heating  aluminium 

to  redness  in  contact  with  sulphur  ;  it  can  only  be  prepared  in  the 
dry  way  and  decomposes  when  brought  into  water  forming  the 
liydroxide.  When,  therefore,  solutions  of  aluminium  salts  are 
treated  with  alkaline  sulphides,  the  precipitate  formed  consists  of 
the  hydroxide. 

Aluminium  fluoride,  Al2l'fl,  is  obtained  by  acting  on  aluminium 
witii  silicon  tetrafluoride  ;  it  is  quite  insoluble  in  water  and  acids. 
By  digestiTig  aluminium  hydroxide  in  excess  with  sodium  fluoride, 
the  double  fluoride  6  NaF.Al2Fg  is  obtained;  it  is  also  found 
native  as  cryolite. 

Aluminium  chloride,  AljCl^,  is  prepared  by  heating  the  metal 
or  a  mixture  of  alumina  and  carbon  in  chlorine.  It  can  be  readily 
sublimed,  as  it  volatilizes  at  183°  0.  Below  400°  C.  its  vapour 
density  is  such  as  to  agree  with  the  formula  AljClj,  but  at  higher 
temperatures  the  density  agrees  with  AlCi3.  It  is  a  white 
ileliqueseent  substance  which  shows  a  great  tendency  towards 
the  formation  of  double  salts,  couibiiiing  directly  with  ammoni;i, 
phosphorus  pentachloride  and  oxychloride,  and  with  alkaline 
chlorides.  The  double  salt  2NaCl.Al2Clfl  was  employed  by 
Deville  in  contact  with  sodium  for  the  production  of  aluminium 
but  is  now  no  longer  used  for  this  purpose. 

Aluminium  sulphate,  AI2  (804)3. — This  salt  is  prepared  on 
the  large  scale  by  treating  bauxite  with  sulphuric  acid.  It 
crystaUizes  at  low  temperature  with  16  H2O.  The  solution  of  the 
salt  possesses  a  marked  acid  reaction,  and  in  presence  of  zinc, 
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hydrogen  is  evolved  and  basic  sulphates  are  formed  ;  regarding 
the  original  sulphate  as  AI2O3.3  SO3,  these  basic  sulphates  have 
the  composition  AlA.  2  SO3,  and  AI2O3SO3  respectively.  Alumi- 
nium sulphate  is  used  in  dyeing  and  calico  printing  and  also  as  a 
precipitant  for  the  treatment  of  sewage.  When  it  is  mixed  with 
sulphates  of  the  alkalies,  the  crystals  which  separate  out  are 
double  salts  known  as  the  alums. 

The  alums  have  the  general  composition — 

M2S04.Il2(S04)3.24  HjO  where  M  is  K,  Na,  NH4,  Rb,  Cs,  Tl  or 
Ag,  and  R  may  be  Al,  Cr  or  Fe,  Ga,  In. 

The  alums  crystallize  readily  in  octahedra  and  are  much  more 
soluble  in  hot  water  than  cold ;  100  parls  of  water  dissolve  of 
potash  alum^ — 

atO-O.         30°  G.         70°  0.         100°  C. 
4  pts.  22  pts.        91  pts.         357  pts. 

Alum-stone  is  a  doiibln  salt  of  potassium  sulphate  and  basic 
aluminium  sulphate  K2S04.Al2(S04)32.Al2(OH)6  found  in  volcanic 
regions.  It  is  insoluble  in  water  until  it  has  been  heated  to 
dull  redness  (about  450°  0.) ;  water  then  acts  upon  it  and  alum 
passes  into  solution,  whilst  alumina  separates  out.  The  alum 
obtained  in  tliis  way  (known  as  Roman  alum)  crystallizes  in 
cubes  and  is  valuable  from  the  fact  that  it  is  almost  entirely 
free  from  iron,  iron  salts  being  detrimental  to  the  use  of  alum 
in  dyeing  and  printing.  In  recent  years,  methods  have  how- 
ever been  introduced  by  which  aluminium  compounds  free  from 
iron  may  be  prepared  from  bauxite  or  alum  clays. 

Aluminium  nitrate,  Al2(N03)g,  is  prepared  by  dissolving 
freshly  precipitated  hydroxide  of  aluminium  in  nitric  acid  or  by 
tlie  precipitation  of  lead  nitrate  with  aluminium  sulphate  just 
sufficient  to  convert  the  whole  of  the  lead  into  the  insoluble 
sulphate — 

3  Pb(N03)2.  +  ^12(804)3  =  3  PbSOi  +  Al2(N03)g. 
It  is  used  as  mordant  for  alizarin  colours  in  calico  printing. 

Aluminium  silicates. — Shale  and  many  important  minerals 
consist  essentially  of  these  silicates,  and  clays  result  from  the 
weathering  of  such  bodies.  The  composition  of  some  well-known 
clays  is  given  below — 
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Alumina. 

38-6 

Silica. 

46-4 

Forric 
oxide. 

Lime  Alkalies. 
,nicl 
Magnesia. 

3-5  1-8 

Watet. 

91 

23-3 

63-3 

1-8 

0-7 

10-3 

34-3 

49-4 

7-7 

3-4 

5-1 

36-8 

46-8 

1-0 

2-6 

0-3 

12-4 

18-8 

72-0 

1-7 

07 

0-1 

6-7 

Kaolin  (Cornwall) 
Stourbridge  fire-clay 
Common  clay,  used  ) 
for  brick  making  ) 
Clay  for  porcelain 
Clay  for  glass  making 

In  the  process  of  firing  clay  for  the  production  of  bricks, 
pottery  or  porcelain,  the  material  used  undergoes  a  partial  fusion 
whereby  the  particles  become  cemented  together  in  a  firm 
vitreous  mass.  The  clay  is  in  general  the  more  infusible  the 
larger  the  proportion  of  alumina  and  silica  bears  to  that  of 
alkalies  and  basic  substances.  Bricks  for  furnace  linings  (fire- 
bricks), which  must  withstand  very  high  temperatures,  are  thus 
made  from  clay  which  is  almost  entirely  composed  of  alumina 
and  silica,  whilst  glass,  in  which  the  materials  are  actually  brought 
into  a  state  of  liquid  fusion,  is  produced  from  a  siliceous  product 
to  which  alkalies  and  other  basic  substances  are  added  in  con 
siderable  quantity.  The  special  nature  of  the  additions  varies 
according  to  the  purpose  for  which  tlie  glass  is  to  be  used. 

The  composition  of  a  number  of  different  forms  of  glass  as 
given  in  the  following  table  will  illustrate  this — 


Lime 

Lead 

Alumina 

and 

Oxide. 

and  oxide 

Silica. 

Potash. 

Soda.  Magnesia. 

of  iron. 

Ordinary  bottle  glass 

65-6 

2-7 

4-9 

20-4 

6-1 

Window  glass  ... 

70-7 

13-3 

13-4 

1-9 

Flint  glass 

50-2 

11-2 

38-1 

0-5 

Fusible     glass    for  ] 

J  70-5 

2-1 

17-2 

8-7 

1-0 

chemical  apparatus  J 

Infusible  glass  for  1 

[73-1 

11-5 

3-1 

10-7 

0-9 

combustion  tubes  J 

The  temperature  employed  in  the  firing  of  bricks  or  pottery 
varies  from  a  bright  red  heat  in  the  case  of  bricks  and  tiles  to  a 
bluish-white  heat,  somewhat  above  the  melting  point  of  grey  cast- 
iron,  for  porcelain.  The  glaze  on  pottery  is  a  thin  layer  of  a 
mixture  of  a  more  fusible  character  than  the  pottery  itself ;  it 
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usually  consists  of  mixtures  of  sand  and  alkalies,  to  which  oxides 
of  lead  or  (for  enamels)  tin  may  be  added.  The  colours  of  glass 
are  due  to  the  presence  of  certain  metallic  oxides.  Oxide  of  iron 
gives  it  a  green  colour,  as  in  bottle  glass  ;  oxide  of  manganese 
gives  it  a  pink  colour,  and  is  sometimes  added  to  correct  the 
green  tint  given  by  oxide  of  iron  ;  oxide  of  cobalt  gives  a  blue 
colour,  oxide  of  chromium  or  cupric  oxide,  green  ;  cuprous  oxide, 
or  gold,  ruby  red.  The  addition  of  oxides  of  tin  or  antimony  as 
well  as  bone  ash  gives  rise  to  the  opaque  enamel  appearance  in 
glass. 

Ultramarine  is  an  artificial  colouring  matter  whose  chief 
constituents  are — 

Alumina  25  to  28  per  cent. 

Silica      38  to  45  „ 

Soda       18  to  23  „ 

Sulphur  10  to  14  „ 
It  is  obtained  by  exposing  a  mixture  of  kaolin,  sodium  sulphate, 
and  coal  to  a  bright  red  lieat  in  closed  fire-clay  crucibles.  Thougli 
usually  applied  to  a  bright  blue  colouring  matter,  artificial  ultra- 
marine may  be  prepared  of  different  tints.  The  product  obtained 
as  the  immediate  result  of  the  operation  just  mentioned  is  of  a 
bright  green  colour,  but  this  when  treated  witli  sulphur  dioxide  at 
300°  C.  turns  bliie.  If  air  be  scrupulously  excluded  from  the 
crucible,  white  ultramarine  is  obtained,  and  by  the  action  of 
chlorine  and  steam  at  200°  G.  a  violet  modification  is  formed,  or 
with  hydrochloric  acid  at  a  somewliat  lower  temperature  the 
product  is  of  a  rose  red  colour. 

The  composition  of  ultramarine  varies  according  to  the  propor- 
tions of  the  constituents  used  in  its  manufacture  ;  if  it  is  poor  in 
silica,  its  colour  is  readily  destroyed  by  acid  substances,  and 
hence  in  calico  printing  and  paper  manufacture,  where  it  is  liable 
to  come  into  contact  with  alum,  a  product  rich  in  silica  is  used. 

Detection  and  estimation. — In  the  dry  way  the  salts  of 
aluminium  when  strongly  ignited  leave  a  white  residue  of  alumina 
which  in  the  blowpipe-flame  glows  brightly.  This  mass  when 
moistened  with  a  solution  of  cobalt  chloride  and  again  ignited 
gives  a  bright  blue  residue.  The  hydroxide  is  precipitated  from 
solutions  of  the  salts  by  ammonia  or  ammonium  carbonate,  and 
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separated  from  ferric  hydroxide  by  caustic  potash  in  wliich  it 
readily  dissolves. 

The  presence  of  certain  organic  acids,  such  as  citric  and  tartaric, 
prevents  the  precipitation,  owing  to  the  formation  of  soluble 
double  salts  with  these  acids.  Aluminium  is  always  estimated 
in  the  form  of  alumina  obtained  by  igniting  the  precipitated 
hydroxide. 


CHAPTER  XII. 


THE  NOBLE  METALS. 

Cu,  Ag,  Au,  and  as  sub-group  the  Platinum  metals. 
General  characters. — 

1.  The  metals  are  the  most  malleable  and  ductile  known,  and 
also  tlie  best  conductors  of  heat  and  electricity. 

2  They  possess  small  affinity  for  oxygen  and  are  weak  bases, 
the  basic  character  also  decreasing  as  the  atomic  weight  rises. 
They  are  hence  found  native  in  the  free  state.  They  do  not 
decompose  water  even  at  high  temperatures. 

3.  Copper,  silver,  and  gold  may  bo  regarded  as  standing  mid- 
way between  the  group  zinc,  cadmium,  ami  mercury,  and  the 
group  nickel,  palladium,  and  platinum.  Further,  these  metals 
occupy  a  similar  relation  to  the  alkalies  that  zinc,  cadmium,  and 
mercury  do  to  the  alkaline  earths. 

4.  Additive  compounds  with  ammonia  are  frequent  in  this 
group,  instances  of  which  are — 

2AgC1.3NH3         Ag2S04.2NH3         AgN03.2  NH3 
CUCI.NH3  GUSO4.4NH3  Cu(N03)2.4  NH3. 

Copper,  silver,  and  gold  form  nitrides  of  the  composition  R3N, 
but  of  small  stability.  The  stability  of  the  ammonia  and  nitrogen 
compounds  is  smaller  the  higher  the  atomic  weight, 

5.  They  form  double  salts  with  the  alkalies,  those  with  the 
haloid  salts  and  cyanides  being  especially  characteristic.    In-  ' 
stances  of  these  are — 

KCl.CuGl  2  KGI.CUGI2  Na2Cu(C03)2 

KCl.AuCl  KCI.AUCI3  KAg.COg. 
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The  double  cyanides  have  the  composition — 

MCy.R'Cy  with  Cu,  Ag,  Au 

2MCy.R''Cy,    „    Ni,  Pt 

3MGy.R'"Gy3  „    Co  (and  Fe) 

4MCy.R''Cy,    „  Fe. 
It  is  thus  seen  that  platinum  and  its  analogues  which  enter  into 
the  formation  of  these  double  cyanides  arrange  themselves  in 
accordance  with  the  MendelejefE  classification. 

COPPER. 

Occurrence. — Copper  is  found  as  the  metal  in  considerable 
quantity  in  the  neiglibourhood  of  Luke  Superior,  also  in  smaller 
amount  in  some  other  parts  of  the  American  continent,  in  Corn- 
wall, and  in  Siberia  and  the  Ural  mountains;  as  cuprous  oxide, 
CugO,  in  the  mineral  cuprite  it  is  found  in  Cornwall,  South  America, 
and  Australia  ;  as  cuprous  sulphide,  CujS,  in  copper  glance,  and 
associated  with  sulphide  of  iron  in  copper  pyrites ;  as  basic  car- 
bonate in  malachite,  CuC03.Cu(OH)2,  and  in  azurite,  2  CuCOj. 
Cu(0H)2.  In  addition  to  these  minerals,  which  are  used  for  the 
extraction  of  copper  on  the  large  scale,  mineral  silicates,  phos- 
phates, arsenates,  and  oxychloride  are  known.  Copper  is  also 
found  in  the  colouring  matter  of  the  red  wing-feathers  of  certain 
birds. 

Metallurgy  of  copper. — In  practice,  the  process  of  extraction 
of  copper  is  a  very  complex  one,  entailing  a  large  number  of 
operations.  We  shall  describe  first  the  chemical  reactions  in- 
volved, and  tlien  the  essential  operations  by  which  metallic 
copper  is  ultimately  obtained  from  a  mixture  of  copper  sulphides 
and  oxidized  ores,  such  as  are  most  commonly  employed  in  this 
country. 

Chemical  reactions.— Copper  possesses  a  greater  affinity  for 
sulphur  and  a  smaller  affinity  for  oxygen  than  the  metnls  (notably 
iron)  with  which  it  is  associated. 

(1)  The  ore  is  first  moderately  heated  in  a  reducing  atmo- 
sphere ;  part  of  the  sulphur  and  arsenic  are  oxidized,  and  pass  off 
as  sulphur  dioxide  and  arsenic  trioxide  respectively.  This  oper- 
ation is  regulated  so  that  the  sulphur  retained  is  sufficient  tq 
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combine  with  the  whole  of  the  copper  to  form  cuprous  sulphide, 
CiigS,  the  iron  and  part  of  the  copper  being  transformed  into 
oxide.  The  charge  is  then  brought  to  fusion  at  a  higher  temper- 
ature, when  the  ferrous  oxide  enters  into  combination  with  the 
silica,  either  already  contained  in  the  ore  or  added  to  the  charge, 
to  form  a  slag  of  ferrous  silicate.  By  repetition  of  the  roastings 
and  fusions  the  iron  is  ultimately  removed. 

(2)  At  a  moderate  temperature  the  cuprous  sulphide  is  then 
partially  oxidized,  and  the  temperature  is  raised  so  that  the 
cuprous  oxide  formed  may  react  with  the  sulphide — 

2  CujO  +  CugS  =  6  Cu  +  SOj. 
The  remainder  of  the  sulphur  is  thus  eliminated  and  metallic 
copper  obtained.     Any  sulphide  of  iron  which  still  remains  is 
also  acted  upon  by  the  cuprous  oxide  as  follows — 
3  CugO  +  FeS  =  6  Cu  +  FeO  +  SOj. 

(3)  The  crude  copper  so  obtained  is  further  refined  by  a  process 
which  is  described  below. 

The  operations. — 

1.  Calcination. — This  is  performed  either  in  heaps  or  on  the 
bed  of  a  reverberatory  furnace.  In  the  former  the  ore  is  made 
into  heaps,  the  height  of  which  varies  according  to  the  richness 
of  the  ore,  being  for  rich  ores  about  5  feet,  and  for  poor  ores 
about  7  feet.  The  heat  requisite  is  obtained  by  the  firing  of 
logs  of  wood  placed  in  a  layer  in  the  luwer  part  of  the  heap, 
vents  being  provided  so  that  a  suflficient  supply  of  air  may  be 
brought  into  contact  with  the  ore.  The  main  objects  of  this 
calcination  are  the  removal  of  part  of  the  sulphur  and  the  vola- 
tilization as  completely  as  possible  of  any  arsenic  or  antimony 
present  in  the  ore,  as  these  substances  are  most  prejudicial  to 
metallic  copper.  If  the  calcination  is  carried  out  in  a  reverber- 
atory furnace  (Figs.  33  and  34)  the  chief  provisions  to  be  attended 
to  are  a  low  temperature  (secured  by  having  the  fire-grate,  F, 
small  in  proportion  to  the  bed  of  the  furnace,  B,  viz.  1  to  15 
or  20),  and  properly  regulated  air  supply  admitted  at  A.  The 
charge  is  introduced  at  the  hoppers,  C,  and  spread  over  the  bed 
of  the  furnace,  being  worked  from  the  doors,  D,  and  finally  with- 
drawn through  openings,  E,  in  the  bed  of  the  furnace,  and  shot 
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down  into  the  vault,  G,  the  course  of  the  discharge  exits  being 
shown  by  dotted  lines  in  Fig.  33. 

2.  The  fusion. — A  higher  temperature  is  required  for  this 
process,  which  is  therefore  carried  out  in  a  reverberatory  furnace 


Via.  84. 


somewhat  like  the  above,  but  whose  grate  area  in  proportion  to 
the  furnace  bed  is  larger,  viz.  about  1  to  6.  At  this  stage,  ferrous 
oxide  forms  by  double  decomposition  between  ferrous  sulphide 
and  cuprous  oxide,  and  this  combines  with  silica,  forming  tlie 
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slag,  ferrous  and  lime  silicate,  whilst  the  cuprous  sulphide,  and 
the  ferrous  sulphide  still  remaining,  form  the  regulus  or  coarse 
meted.  The  slag  contains  very  little  copper  and  is  run  off  and 
thrown  away ;  the  regulus  consists  of  about  equal  proportions  of 
cuprous  and  ferrous  sulphide. 

3.  The  coarse  metal  is  now  brought  into  a  fine  state  of  division 
by  running  it  hot  from  the  furnace  into  water,  and  the  calcining 
and  fusing  operations  are  repeated  in  order  to  remove  the  rest  of 
the  iron  as  completely  as  possible.  The  product  obtained  is 
termed  white  metal,  and  consists  essentially  of  cuprous  sulphide. 

4.  The  roasting. — The  object  of  this  operation  is  to  partially 
oxidize  the  cuprous  sulphide  and  to  induce  the  rest  of  the 
iron  and  other  impurities  to  form  a  slag.  It  is  performed  in  a 
reverberatory  furnace  with  a  fire  grate  still  smaller  than  that 
used  in  the  calcination  stage  and  an  increased  air  supply.  When 
the  oxidation  lias  proceeded  far  enough,  the  temperature  is  raised 
so  as  to  bring  about  the  reaction  between  the  cuprous  oxide  and 
the  sulphide. 

5.  The  reji7iing. —The  crude  copper  ("blister  copper")  is 
fused  in  an  oxidizing  atmosphere  on  the  bed  of  the  refining 
furnace  and  impurities  such  as  arsenic,  sulphur,  iron,  antimony, 
etc.,  still  remaining,  are  oxidized  and  skimmed  off  as  a  slag. 
Finally  anthracite  is  sprinkled  on  the  surface  of  the  molten 
metal  and  agitation  and  adnu'xture  promoted  by  stirring  the 
mass  with  "  green  "  poles  of  wood.  In  this  way  the  reduction 
of  any  remaining  cuprous  oxide  is  eflFected  and  particles  of  slag 
are  carried  to  the  surface. 

On  the  continent  it  is  now  very  usual  to  calcine  the  ore  to  the 
oxide,  and  then  effect  the  reduction  with  coke  in  a  form  of  blast 
furnace. 

The  electrolytic  process.-  Tiiis  process,  although  sometimes 
applied  for  the  purpose  of  obtaining  copper  from  the  "  white 
metal,"  or  even  from  the  ore,  is  usually  only  adopted  for  the 
removal  of  the  impurities  from  crude  copper  resulting  from 
metalhirgiciil  operations.  Ingots  of  copper  are  suspended  in  a 
tank  or  series  of  tanks  containing  a  solution  of  sulphate  of  copper 
to  which  sulphuric  acid  is  added.  These  constitute  the  anodes 
and  the  kathodes  on  which,  during  the  passage  of  the  current' 
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•  the  pure  copper  deposits,  consist  of  thin  sheet  copper.  The 
impurities  pass  into  sohition  wiih  the  exception  of  the  silver  and 
gold,  which  collect  as  a  slime  at  the  bottom  of  the  tank.  By  this 
method  therefore  it  is  possible  not  only  to  obtain  copper  of  a 
very  high  degree  of  pu.ity  but  also  to  recover  the  silver  and 
gold. 

Extraction  of  copper  from  burnt  pyrites.— Most  of  the 
p}rites  now  used  as  a  source  of  sulphur  in  the  manufacture  of 
sulphuric  acid  cotit.iiTi^i  from  .3  to  four  per  cent  of  copper.  The 
burnt  pyrites  is  ground  and  intimately  mixed  with  from  10 
to  20  per  cent,  of  its  weight  of  salt,  and  then  roasted  in  a 
reverberatory  furnace  so  as  to  obtain  the  iron  as  far  as  possible  in 
the  form  of  ferric  oxide,  the  copper  being  left  chiefly  as  cupric 
chloride.  The  product  is  then  lixivated  with  water  to  extract 
the  copper  salts,  and  the  deposition  of  the  copper  effected  by 
means  of  scrap  iron. 

Properties  of  metallic  copper.— The  metal  has  a  red  colour 
by  reflected  light  and  in  thin  plates  it  transmits  green  light  Its 
specific  gravity  is  8-95  ;  when  heated  and  allowed  to  cool  slowly 
it  is  brittle,  but  if  cooled  rapidly  it  is  much  softer  and  highly 
malleable  and  ductile.  With  the  exception  of  silver,  it  is  the  best 
conductor  of  heat  and  electricity  known.  It  possesses  consider- 
able tenacity,  but  this  falls  ofl"  rapidly  when  it  is  heated ;  at 
about  1050°  C.  it  melts,  and  at  very  high  temperatures  it  may  even 
be  distilled.  Dry  air  is  without  action  upon  it,  at  ordinary  tem- 
peratures, but  in  presence  of  moisture  and  carbon  dioxide  it 
becomes  corroded  and  coated  with  a  deposit  of  basic  carbonate. 
Hydrochloric  and  sulphuric  acid  have  very  little  action  upon  it; 
the  latter  however  undergoes  decomposition  when  heated  in  con- 
tact with  copper,  sulphur  dioxide  being  evolved  ;  nitric  acid  if 
somewhat  diluted  with  water  is  readily  acted  upon,  with  the 
formation  of  nitrate  of  copper  and  nitric  oxide. 

Alloys. — With  zinc  it  forms  brass,  and  with  tin,  bell  metal, 
gun  metal,  speculum  metal  and  bronze,  the  latter  often  contain- 
ing also  zinc  or  lead. 

The  oxides  and  hydroxide. — The  lower  oxide,  cupi-ous  oxide 
GugO,  occurs  native  as  cuprite,  a  mineral  which  crystallizes  in 
octahedra.    It  is  also  found  amongst  the  products  obtained  in 
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the  extraction  of  copper  in  deep  red  opaque  masses.  If  to  solu- 
tions of  copper  salts,  potash  be  added  (in  presence  of  an  alkaline 
tartrate,  to  prevent  the  precipitation  of  the  hydroxide)  and  then  a 
reducing  agent  such  as  grape  sugar,  a  reddish-yellow  precipitate 
of  cuprous  oxide  is  obtained.  This  dissolves  in  ammonia,  form- 
ing a  colourless  solution.  The  solutions  of  cuprous  salts  are  in 
general  colourless,  but  they  are  very  unstable  and  rapidly  absorb 
oxygen  from  the  air  and  turn  blue,  owing  to  their  transformation 
into  cupric  salts. 

Cupric  oxide,  CuO,  is  a  black  oxide  obtaiued  by  oxidation  of 
the  metal  or  by  heating  tho  hydroxide,  carbonate  or  nitrate.  At 
high  temperatures  it  loses  oxygen  and  is  converted  into  the 
cuprous  oxide  or  a  lower  oxide  GugO.  Hydrogen,  carbonic  oxide 
or  other  reducing  agents  undergo  oxidation  in  contact  with 
heated  cupric  oxide,  and  it  is  therefore  used  in  the  analysis  of 
organic  substances,  the  carbon  and  hydrogen  of  which  are  con- 
verted into  carbon  dioxide  and  water  respectively.  Cupric  oxide 
dissolves  in  molten  glass,  imparting  a  green  colour  to  it,  whilst 
cuprou.s  oxide  gives  it  a  ruby-red  tint. 

The  hydroxide,  Cu(0H)2,  is  obtained  as  a  greenish  bulky 
precipitate,  when  caustic  potash  is  added  to  cupric  salts  in  the 
cold.  On  boiling,  the  precipitate  turns  black,  since  at  moderate 
temperatures  the  hydroxide  gives  up  water  and  is  converted  into 
the  black  cupric  oxide.  It  dissolves  in  ammonia  to  a  deep  blue 
solution  which  has  the  property  of  dissolving  cellulose  (filter 
paper). 

Cuprous  sulphide,  CU2S,  is  the  "  white  metal "  obtained  in 
the  metallurgy  of  copper  ;  it  may  be  prepared  by  exposing  finely 
divided  copper  or  copper  foil  to  sulphur  vapour.  It  crystallizes 
both  in  the  regular  and  rhombic  system  and  is  isodimorphous 
with  the  corresponding  sulphide  of  silver,  with  which  it  often 
occurs  associated  in  the  niineral  kingdom. 

Cupric  sulphide,  CuS,  is  the  dark-brown  precipitate  obtained 
when  copper  salts  are  precipitated  by  sulphuretted  hydrogen. 
When  exposed  to  air  in  the  moist  condition  it  gradually  oxidizes 
to  cupric  sulphate,  and  if  heated  in  the  dry  condition  readily 
passes  into  cuprous  sulphide. 

Copper  forms  also  two  scries  of  haloid  salts,  the  cuprous  CugF^. 
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CU2CI2,  etc.,  and  the  cupric  CuFg,  CuCla,  etc.  These  haloid  salts, 
though  in  general  tolerably  stable  in  solution  and  obtainable 
therefrom  on  concentration  in  crystals,  are  readily  decomposed  by 
heat  and  coaverted  into  the  cuprous  form,  in  which  they  are 
insoluble  in  water.  The  cupric  iodide  however  breaks  up  even 
in  the  moist  condition,  and  the  precipitate  obtained  on  adding 
potassium  iodide  to  solutions  of  cupric  salts  consists  of  white 
cuprous  iodide  and  iodine.  Cuprous  salts  give  under  the  same 
circumstances  a  pure  white  precipitate  of  cuprous  iodide. 

Cuprous  chloride,  Cu^Cl^,  is  formed  by  burning  copper  in 
chlorine  or  by  the  action  of  reducing  agents  such  as  stannous 
chloride,  SnClj,  zinc  dust  or  metallic  copper  on  the  cupric  chloride. 
If  therefore  cupric  oxide  be  dissolved  in  concentrated  hydro- 
chloric acid,  the  solution  when  boiled  with  excess  of  copper  con- 
tains cuprous  chloride  which  is  deposited  as  a  white  powder 
when  it  is  poured  into  a  large  quantity  of  water.  This,  on  ex- 
posure to  air,  turns  green  owing  to  the  formation  of  a  basic 
chloride.  The  solution  of  cuprous  chloride  in  ammonia  absorbs 
carbonic  oxide  and  is  used  for  determining  the  amount  of  this 
gas  in  certain  gaseous  mixtures  ;  in  presence  of  acetylene,  CgHg, 
a  basic  cuprous  acetylide  is  formed  from  which  pure  acetylene 
may  be  liberated  by  treatment  with  acid. 

Cupric  chloride,  CuClg,  is  formed  when  copper  or  the  cuprous 
chloride  is  heated  in  excess  of  chlorine.  It  is  a  brown  deliques- 
cent powder.  It  is  obtained  as  a  yellow  solution  by  digesting 
cupric  oxide  with  concentrated  hydrochloric  acid,  and  this  when 
placed  in  a  freezing  mixture  deposits  red  needles  of  the  composi- 
tion HCl.GuClg.SHgO.  The  colour  of  the  solution  changes  on 
dilution,  becoming  first  green  and  then  blue.  Several  oxy- 
chlorides  are  known,  one  of  which  is  the  product  obtained  by 
the  action  of  a  small  quantity  of  bleaching  powder  on  a  solu- 
tion of  cupric  sulphate ;  it  is  used  as  the  pigment  Brimswick 
green. 

The  haloid  salts  of  copper  show  a  marked  tendency  to  combine 
with  ammonia  and  with  the  haloid  salts  of  the  alkalies.  The 
more  important  of  such  compounds  are — 

(1)  CU2CI2.2NH3  and  CUCI2.4NH3  obtained  by  dissolving 
cuprous   and  cupric  chlorides  respectively  in  a  solution  of 


THE  NOBLE  METALS. 


197 


ammonia  ;  the  former  is  on  concentration  deposited  as  white 
crystals  and  the  latter  as  dark  blue. 

(2)  2NH4Cl.CuCl2.2H2O  and  2KCl.CuCl2.2H2O  which  are 
formed  when  ammonium  chloride  and  potassium  chloride  are 
respectively  mixed,  in  concentrated  solution,  with  cupric  chloride. 

The  cyanides  of  copper  bear  a  considerable  resemblance  to  the 
chlorides.  The  double  cyanide  of  potassium  and  copper  is  soluble 
in  water  and  is  not  decomposed  by  the  action  of  sulphuretted 
hydrogen.  The  corresponding  double  cyanide  of  cadmium  is 
decomposed  under  these  circumstances.  Hence  if  copper  and 
cadmium  be  both  present  in  this  form,  sulphuretted  hydrogen  may 
be  used  for  their  separation,  cadmium  only  being  precipitated  as 
sulphide. 

Copper  resembles  the  alkalies  in  forming  a  chlorate,  bromate^ 
iodate  and  perchlorate,  but  these  bodies  do  not  possess  any 
considerable  stability. 

Cupric  sulphate,  OUSO4. — This  salt  may  be  obtained  in  the 
form  of  blue  tricUnic  crystals  of  the  composition  CuSOi.SHgO  by 
dissolving  cupric  oxide  in  sulphuric  acid  and  allowing  the 
solution  to  crystallize.  By  gently  heating,  these  crystals  lose 
water  and  are  converted  into  anhydrous  cupric  sulphate,  a  white 
powder  which  readily  takes  up  moisture  from  the  air  and  may  be 
used  as  a  desiccating  agent.  The  hydrated  salt  is  readily  soluble 
in  water,  but,  as  in  other  cases,  when  it  is  in  the  anhydrous  form 
it  is  less  soluble  ;  100  parts  of  water  dissolve  at — 

0°      20°      40°      60°      80°  100° 
CUSO4.5H2O  31-6     42-3     56-9     77-4    118-0  203-3 
CUSO4      18-2     23-5     30-3     38-8     53-1  75-3 

Cupric  sulphate  is  known  in  commerce  under  the  name  blue 
vitriol,  the  corresponding  zinc  salt  being  white  vitriol  and  the  iron 
salt  green  vitriol.  It  is  largely  used  for  the  preparation  of  other 
copper  salts  and  in  solution  is  einployed  as  a  bath  for  the  electro- 
lytic deposition  of  copper.  By  digestion  with  copper  hydroxide 
several  basic  sulphates  may  be  obtained,  e.  g.  2CuO.CuS04  and 
3CuO.CuS04.  When  excess  of  ammonia  is  added  to  a  solution  of 
sulphate  of  copper,  the  precipitate  which  first  forms  redissolves 
to  a  deep  blue  solution,  from  which  purple  rhombic  prisms  having 
the  composition  CuS04.(NH3)4H20  separate  out,  and  this  on  being 
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heated  to  150°  C.  yields  a  green  powder  Cu(Nri3)2S04.  Goypev 
also  forms  a  selenate,  CuSeO^.SHgO,  resembling  the  sulphate  and 
isomorphous  with  it. 

The  nitrates  and  phosphates  of  copper  are  of  lesser  importance. 
Basic  carbonates  only  are  known  ;  they  are  usually  prepared  by 
the  action  of  the  alkaline  carbonates  on  sulphate  of  copper. 
Like  the  silicates  they  are  best  known  as  the  minerals  malachite 
CuC03.Cu(OH)2  azurite,  2CuC03.Cu(OH)2,  dioptase  CiiSiOo.HoO 
and  chrysocolla  CuSi03.2Il20. 

Detection  and  estimation.— Copper  compounds  give  a 
bluish-green  or  emerald-green  colour  to  the  Bunsen  Hame  ;  the 
spectrum  is  a  complex  one  consisting  of  a  large  number  of  lines 
and  fluted  bands,  those  in  the  green  being  especially  well  marked. 
When  fused  with  borax,  the  mass  is  green  when  hot  and  blue  on 
cooling  ;  by  reduction,  especially  in  presence  of  tin,  a  beautiful 
ruby  tint  is  obtained.  Copper  compounds  are  easily  reduced  on 
charcoal  to  the  metallic  condition.  They  are  precipitated  by 
sulphuretted  hydrogen  as  cupric  sulphide  insoluble  in  dilute 
mineral  acids. 

The  estimation  is  usually  made  in  the  form  of  oxide,  the  hydrox- 
ide being  precipitated  by  means  of  caustic  soda  and  converted 
into  the  black  oxide  by  boiling.  A  second  method,  which  in  some 
cases  is  convenient,  consists  in  the  deposition  of  metallic  copper 
either  by  immersion  of  iron  in  the  solution  or  electrolytically. 


SILVER. 

Occurrence.— The  chief  natural  forms  are  metallic  silver,  silver 
glance,  AggS,  stephanite  5Ag.2S.Sb2S3,  ruby  silver  ore  consisting 
of  sulphides  of  silver  and  antimony  or  silver  and  arsenic,  horn 
silver  AgCl.  Much  silver  is  also  extracted  from  galena.  (See 
p.  240.) 

Extraction  of  silver. — 

1.  By  amalgamation. — Several  methods  have  been  described 
depending  on  the  action  of  mercury  on  silver  compounds, 
whereby  the  silver  is  dissolved  in  the  mercury,  the  mercury 
being  separated  ultimately  from  it  by  distillation.  These 
methods  are  historically  interesting  and  the  details  as  now  mostly 
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employed  being  1.8  follow.  The  ore  ia  liiiely  powdered  and  mixed 
iuto  a  slime  with  water  ;  it  is  then  brought  into  intimate  cm.tact 
with  about  A  its  weight  of  mercury  for  two  or  three  liours  and 
the  amalgam  separated  as  completely  as  possible  from  the  mud 
in  setllers.  This  amalgam  consists  of  (a)  solid  amalgam  contammg 
much  silver  and  (6)  liquid  amalgam  wiach  is  the  excess  of  mer- 
cury containing  small  quantities  of  silver.  The  solid  amalgam  is 
submilted  at  once  to  distillation  whilst  the  liquid  is  used  agam  in 
the  amalgamation  process.  In  some  ores  a  previous  roasting 
with  common  salt  is  desirable  in  order  to  convert  the  silver  into 
a,  form  in  which  it  is  readily  acted  upon  by  mercury. 

2.  By  wet  processes.— The  ore  is  preferably  transformed  first 
into  the  chloride  by  r  asting  it  with  common  salt,  and  this 
chloride  is  then  dissolved  out  with  brine  or  with  sodium  thiosul- 
phate  and  the  silver  finally  precipitated  as  sulphide  by  the 
addition  of  sodium  sidphide.  The  silver  sulphide  is  then  calcined 
in  a  reverberatory  furnace.  In  the  "Ziervogel"  process  the 
sulphide  is  roasted  to  sulphate,  but  as' the  ore  contains  usually 
iron,  copper  and  lead,  these  are  also  transformed  by  roasting,  into 
sulphates.  If  the  mixed  sidphates  be  then  exposed  on  the  bed 
of  the  furnace  to  a  higher  temperature,  the  sulphates  of  iron  and 
copper  are  decomposed  before  the  silver  sulphate.  This  latter  is 
then  extracted  by  water  and  metallic  silver  precipitated  therefrom 
by  m'^ans  of  scrap  copper. 

3.  Ihe  desilverizing  of  Jead— About  one-third  of  the  silver 
produced  is  extracted  from  lead  ;  the  methods  used  will  be 
described  under  that  metal.    (See  page  240.) 

Pure  silver  is  a  white  metal,  lustrous,  and  capable  of  iaking  a 
high  polish  and  of  being  hammered  or  rolled  into  plate  and  drawn 
into  wire.  These  properties  of  malleability  and  ductility  it 
possesses  in  almost  as  high  a  degree  as  gold,  so  that  silver  sheet 
y^rfinr  of  an  inch  thick  and  wire  ^nnnr  of  a"  i"'^!'  thick  may  be 
obtainod  ;  ils  tensile  strength  is  over  17  tons  to  the  square  inch 
of  section.  Its  specific  gravity,  like  that  of  other  metals,  varies 
somewhat  according  to  the  treatment  to  which  it  is  subjected, 
being  about  10-3  to  10"6  in  the  solid  condition  and  9"46  in  the 
molten  state.  It  melts  at  954°  C.  and  may  be  distilled  at  the 
highest  temperature  of  the  oxyhydrogen  blow-pipe.    It  is  a 
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The  oxides  and  hydroxides. -The  hydroxide  is  obtained 

:it?Ti/"^'"  to  solutions  of  Xe, 

sa  ts.    I   ,s  an  unstable  body  and  above  100°  C.  it  graduaHy 

oITnTrt  '"'V'^  '''''  -'-^        'im  - 

poses into  metallic  silver  and  oxygen  at  about  300°  C.   It  dissolves 

m  ammonia  and  on  exposure  of  the  solution  to  air  fulrJZZ 
s^lver  separates  out.  This  body  detonates  on  the  slightest  S 
when  It  IS  dry  and  sometimes  even  in  the  moist  state!  It  see^  to 
have  the  composition  Ag3N.  When  a  solution  of  silver  nitrate  s 
electrolysed,  black  needles  form  on  the  kathode;  these  vary  in 
composition  according  to  the  circumstances  under  which  they  are 
sUvtrAg.O  containing  an  unstable  ^e,mt;ie  of 

Silver  Sulphide,  Ag,S,  is  obtained  either  by  heating  too-ether 
silver  and  sulphur  or  by  precipitating  silver  salts  with  sul- 
phuretted hydrogen.  This  compound  and  also  corresponding 
compounds  with  selenium  and  tellurium  are  found  as  minerals 
_  Silver  fluoride,  AgF,  is  formed  when  the  oxide  or  carbonate 
IS  cliBSolved  m  hydrofluoric  acid.  It  crystallizes  from  water  as 
AgF  H^O  or  AgF.2H20.  It  is  soluble  in  little  more  half  its 
weight  of  water,  the  solution  having  a  strongly  alkaline  reaction 
Ihe  salt  takes  up  about  840  times  its  volume  of  ammonia 

Silver  chloride,  AgCl.-This  salt  is  obtained  as  a  white 
curdy  precipitate  when  hydrochloric  acid  or  a  soluble  cliloride  is 
added  to  silver  salts.  Like  the  bromide  of  silver  it  is  affected  by 
exposure  to  sunlight  or  other  chemically  active  rays  ;  it  assumes 
at  first  a  violet  tinge,  ultimately  dark  brown,  and  undergoes  loss 
of  chlorine.  Though  insoluble  in  water,  and  practically  so  in 
mineral  acids,  silver  chloride  dissolves  readily  in  ammonia,  in 
solutions  of  sodium  sulphite,  or  thiosulphate  and  in  potassium 
cyanide.  It  dissolves  also  somewhat  easily  in  alkaline  chlorides, 
and  salt  brine  is  frequently  used  for  the  extraction  of  silver.  The 
precipitated  chloride  absorbs  ammonia  and  forms  2AgC1.3NH 
and  a  similar  body  separates  out  of  a  saturated  solution  of  silver 
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uliloride  in  ammonia  in  octahedral  crystals.  The  chloride  is 
reduced  to  metallic  silver  by  the  action  of  zinc  in  presence  of 
dilute  sulphuric  acid,  by  heating  it  in  a  current  of  hydrogen  or  by 
fusion  with  alkaline  carbonates  or  in  presence  of  organic 
substances. 

The  bromide,  AgBr,  and  iodide,  AgT,  are  both  found  native 
in  Mexico  and  Chili.  The  bromide  dissolves  in  ammonia,  though 
less  freely  than  the  chloride,  and  the  iodide  is  almost  insoluble  in 
ammonia.  The  iodide  is  nearly  insoluble  in  alkaline  chlorides, 
and  hence,  when  salt  brine  is  used  for  the  extraction  of  silver, 
the  silver  iodide  may  be  thrown  down  by  the  addition  of  a 
soluble  iodide.  Though  insoluble  in  a  solution  of  ammonia,  the 
dry  iodide  takes  up  large  quantities  of  gaseous  ammonia,  forming 
2AgI.NH3. 

Silver  cyanide,  AgCy,  is  obtained  by  adding  a  soluble  cya- 
nide to  a  solution  of  silver  nitrate.  It  resembles  the  chloride  in 
most  respects.  Ammonia  and  the  alkaline  cyanides  dissolve  it. 
If  potassium  cyanide  be  added  to  silver  nitrate  solution  until  the 
precipitate  which  first  forms  is  just  redissolved,  the  solution  on 
concentration  yields  the  double  cyanide  KCy.AgCy.  A  solution 
of  this  salt  is  employed  in  electroplating. 

Silver  hypochlorite,  AgClO. — In  regard  to  the  similarities 
which  are  observed  between  the  salts  of  silver  and  those  of  the 
alkalies,  it  is  of  interest  to  point  to  the  existence  of  a  series  of 
compounds  derived  from  the  oxyacids  of  chlorine.  The  hypo- 
chlorite is  obtained  by  agitating  excess  of  the  hydroxide  or  car- 
bonate in  water  containing  chlorine  ;  this  however  soon  under- 
goes rearrangement  and  becomes  transformed  into  the  chlorate 
(soluble  in  water)  together  with  the  chloride,  especially  if  the 
chlorine  is  used  in  excess.  Bromate  and  iodate  of  silver,  which 
are  almost  insoluble  in  water,  have  been  prepared  by  double  de- 
composition of  silver  salts  with  soluble  iodates.  The  perchlorate, 
AgC104,  is  obtained  by  dissolving  silver  oxide  in  perchloric  acid  ; 
it  is  soluble  in  water,  and  in  the  absence  of  organic  matter  ia  a 
tolerably  stable  body. 

Silver  sulphate,  Ag2S04,  is  formed  by  dissolving  the  oxide 
or  carbonate  in  sulphuric  acid.  It  dissolves  in  about  200  times 
its  weight  of  cold  water,  but  is  much  more  soluble  in  hot.  It 
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crystallizes  in  rhombic  prisms,  and  is  isomorplious  with  sodium 
sulphate.  The  existence  of  a  silver  hydrogen  sulphate,  AgllSO., 
a  silver  alum,  Ag^SO^. Al,(SO,)3.24  H,0,  and  an  octosulphale, 
Ag20(S03)8,  further  exhibit  tlie  relationship  of  silver  with  the  al- 
kalifs.  Silver  sulphate,  like  copper  sulphate,  forms  a  compound 
wilh  ammonia,  of  the  composition  Ag2(NH3)2S04. 

Silver  nitrate,  AgNOg,  is  ob'ained  by  dissolving  the  metal 
in  nitric  acid.  It  readily  dissolves  in  water,  and  is  the  form  in 
which  silver  is  most  frequently  employed  as  a  reagent.  It  pos- 
sesses a  powerful  corrosive  action  on  organic  tissues,  which  are 
stained  black  by  it;  it  acts  also  similarly  on  vegetable  fibre,  and 
is  used  as  the  basis  of  many  preparations  of  "  marking  ink."  Dry 
silver  nitrate  absorbs  ammonia,  forming  AgN03.2  NH3  ;  it  also 
forms  double  salts  with  nitrates  of  the  alkalies,  e.g.  KN03'.AgN03, 
NH4N03.AgN03,  these  being  formed  as  crystals  by  bringing  to- 
gether solutions  of  the  respective  nitrates,  and  allowing  them 
slowly  to  evaporate. 

The  phosphate,  Ag3P04,  is  a  light  yellow  powder,  and  the 
arsenate,  Ag3A804,  a  brick-red  powder  which  serve  as  means  of 
recognizing  the  presence  of  phosphoric  and  arsenic  acids  or 
their  salts. 

Silver  carbonate,  Ag^CO^,  is  an  unstable  white  powder,  ob- 
tained by  precipitating  silver  nitrate  with  an  alkaline  carbonate. 
If  silver  nitrate  be  treated  with  potassium  carbonate  in  presence 
of  carbon  dioxide,  AgKC'Og  is  obtained. 

Detection  and  estimation. — Silver  is  separated  from  most 
other  bodies  by  reason  of  the  insolubihty  of  tlie  chloride  in  water 
and  acids,  and  its  solubility  in  ammonia. 

Its  compounds  are  readily  reduced  by  being  heated  on  charcoal, 
and  the  residue  of  metallic  silver  is  easily  recognized.  The  quan- 
titative estimation  is  usu;dly  made  in  the  form  of  chloride,  with 
the  precaution  that  alkaline  chlorides  or  hydrochloric  acid  shall, 
not  be  present  in  excess,  since  silver  chloride  is  soluble  in  these 
reagents. 

GOLD. 

Occm'rence. — Gold  is  almost  always  found  in  the  metallic 
condition,  usually  associated  howevei  with  certain  quantities  of 
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silver,  copper,  or  iron,  and  also  in  special  ores  bisnmth  and 
tellurium  occur.  Many  minerals,  such  as  galena,  iron  pyrites  and 
zinc  blende,  contain  traces  of  gold.  Though  one  of  the  rarest  of 
metals,  it  is  Avidely  distributed;  the  chief  localities  where  it  is 
mined  being  in  Australia,  California,  or  South  Africa.  The  metal 
is  extracted  either  from  quartz  veins,  or  from  deposits  of  alluvial 
gravel ;  and  partly  in  consequence  of  the  value  of  the  metal, 
partly  from  the  simplicity  of  the  methods  by  Avhich  it  is  worked, 
a  deposit  containing  as  little  as  1  part  of  gold  in  500,000  may 
sometimes  be  profitably  worked.  The  gold  quartz  is  first  pow- 
dered roughly  by  mechanical  means,  and  then  subjected  to  levi- 
gation  in  sluices,  so  arranged  that  the  heavier  particles  containing 
the  gold  collect  at  the  bottom  of  the  sluice,  whilst  the  gangue  is 
carried  off  by  the  stream  of  water.  The  gold  is  separated  by 
causing  it  to  form  an  amalgam  with  mercury,  or  to  collect  on 
amalgamated  copper  plates.  The  mercury  is  finally  distilled  off, 
leaving  the  gold  behind  as  a  residue. 

In  the  chlorination  process  the  ore  (iron  pyrites)  is  roasted,  so  tlint 
the  iron  is  transformed  into  ferric  oxide,  which  is  not  readily  attacked 
by  moist  chlorine,  and  then  subjected  to  the  action  of  chlorine. 
The  gold  is  thus  converted  into  chloride,  which  can  be  dissolved 
out  in  water,  and  metallic  gold  precipitated  from  the  solution  by 
the  addition  of  reducing  agents,  such  as  ferrous  sulphate.  Po- 
tassium cyanide  is  now  largely  used  for  extracting  gold,  as  it 
readily  dissolves  in  this  reagent. 

The  separation  of  silver  and  copper  from  gold  may  be  effected 
by  "quartation,"  the  success  of  which,  as  the  name  implies,  de- 
pends on  the  gold  being  present  to  the  extent  of  not  more  than 
one  quarter  of  the  mass  of  metal  employed.  The  metal  is  boiled 
wiih  strong  sulphuric  acid,  and  the  silver  and  copper  are  thus 
converted  into  sulphates,  so  that  on  lixivation  with  water  these 
are  dissolved  and  the  gold  left  as  a  residue. 

In  masses  of  the  metal  the  characteristic  colour  and  lustre  of 
gold  is  shown  ;  but  if  it  be  precipitated  in  a  fine  state  of  division 
by  means  of  ft-rrous  sulphate  or  phosphorus,  it  has  a  blue  or 
purple  tint  by  transmitted  light,  and  a  reddish  brown  colour  by 
reflected  light.  Gold  leaf  in  transmitted  light  appears  of  a  green 
or  blue  colour.    Its  characteristic  features  are  its  great  malle- 
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ability  and  ductilily,  and  its  resistance  to  oxidation  and  to  the 
action  of  acids.  Gold  leaf  may  be  obtained  so  tliin  that  250  000 
sheets  occupy  the  thickness  of  one  inch.  It  is  insoluble  in  any 
single  mineral  acid,  but  readily  dissolves  in  "aqua  regia" 
which  consists  of  a  mixture  of  hydrochloric  acid  with  nitric 
acid. 

Gold  has  a  tensile  strength  of  7  tons  to  the  square  inch,  and  a 
specific  gravity  of  19-3;  it  melts  at  about  1040°  G.  Its  alloys 
with  copper  and  silver  are  important.  Copper  heightens  the 
colour  of  gold,  and  silver  renders  it  paler,  whilst  the  alloy  is  in- 
variably harder  and  more  durable  than  pure  g  Id. 

Purple  of  Cassius  is  a  fine  purple  precipitate  obtained  by 
adding  a  solution  of  stannous  chloride,  containing  stannic  chlo- 
ride, to  the  chloride  of  gold.  Its  composition  is  variable,  but  it 
consists  essentially  of  gold  associated  with  oxide  of  tin,  and  is 
used  for  the  obtaining  a  fine  ruby  tint  in  glass,  enamel  or 
porcelain. 

The  oxides.— Although  gold  does  not  combine  directly  with 
oxygen,  oxides  may  be  obtained  by  the  action  of  caustic  alkalies 
on  salts  of  gold.  Aureus  chloride,  AuCl,  yields  aurous  oxide, 
AugO,  and  auric  chloride,  AuCIg,  under  certain  conditions  gives 
auric  oxide,  AugOg.  These  oxides  are  however  very  unstable, 
and  difficult  to  prepare  in  a  state  of  purity.  By  the  action  of 
strong  ammonia  on  aurous  oxide,  a  black  explosive  body,  having 
the  composition  AugN.NHg,  is  formed,  and  this,  when  boiled  with 
dilute  acids,  forms  the  nitride  AugN. 

The  auric  oxide  dissolves  readily  in  alkalies,  and  forms  aurates; 
potassium  aurate  is  soluble  in  water,  and  is  used  in  the  deposition 
of  gold  in  electro-gilding. 

Of  the  haloid  salts  the  most  important  is  the  auric  chloride, 
AuClj,  obtained  when  the  metal  is  dissolved  in  aqua  regia ;  from 
a  moderately  concentrated  solution  of  this  salt,  yellow  needles 
separate  out  having  the  composition  HAUCI4,  and  in  presence  of 
alkaline  chlorides,  double  salts  (e.  g.  KAuCl^)  derived  from  tl  is 
acid  may  be  prepared.  On  heating  the  auric  chloride  to  180°  C, 
it  loses  chlorine  and  is  converted  into  aurous  chloride.  Both 
salts  however  are  unstable,  and  at  a  moderate  temperature  are 
entirely  decomposed.    Bromine,  iodine,  and  cyanogen  compounds 
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exist ;  these  resemble  the  chlorides  and  like  them  form  double 
salts  with  the  haloid  salts  of  the  alkalies.  _ 

Gold  does  not  unite  directly  with  sulphur,  but  by  passmg  sul- 
phuretted hydrogen  through  a  solution  of  the  double  salt  of  gold 
and  potassium  cyanide,  KCy.AuCy,  aurom  svlphide  Au,b 
precipitated,  and  from  a  dilate  solution  of  the  trichloride  the  d^- 
sulpUde,  Au,S„  is  precipitated.  These  sulphides  are  soluble  m 
alkaline  sulphides  with  which  they  form  soluble  double  salts. 

Detection  and  estimation.-Gold  is  thrown  down  from  i  s 
solutions  by  sulphuretted  hydrogen,  the  precipitate  being  soluble 
in  ammonium  sulphide  or  alkaline  sulphides.  The  formation  of 
purple  of  Cassius  (see  above)  affords  a  delicate  test  for  the  pre- 
sence of  gold.  Ferrous  sulphate  precipitates  metallic  gold  from 
its  solutions,  and  this  shows  the  characteristic  colour  and  lustre 
of  gold  when  it  is  burnislied  in  an  agate  mortar.  The  metal  is 
also  readily  obtained  by  heating  a  salt  of  gold  on  charcoal.  It  is 
always  estimated  in  the  form  of  the  metal,  its  compounds  being 
all  unstable  and  difficult  to  prepare  in  a  state  of  purity. 


PLATINUM. 

Occurrence.— This  element  invariably  occurs  in  the  free  state, 
associated  with  the  metals  ruthenium  rhodium,  palladium, 
osmium,  and  iridium.  The  chief  localities  where  it  is  found  are 
the  Ural  mountains,  New  Granada,  Brazil,  California,  and 
Australia. 

In  order  to  separate  the  platinum  the  ore  is  digested  with  aqua 
regia,  osmium  and  hidium  remain  undissolved  whilst  the  other 
metals  pass  into  solution.  Palladium  is  separated  in  the  form  of 
(PdCy)3  by  adding  a  solution  of  mercuric  cyanide  to  the  solution 
containing  the  metals.  The  platinum  is  next  precipitated  as 
(NH4)2PtCl6  on  addition  of  ammonium  chloride.  When  the 
ammonium  platinic  chloride  is  heated  to  redness  it  decomposes, 
leaving  the  metcl  in  the  form  known  as  S2)07igy  platinum. 

Properties  of  platinum.— The  metal  is  readily  obtained  from 
its  compounds  by  the  action  of  reducing  agents  or  by  heat  alone. 
It  possesses  small  chemical  affinity  for  other  elements  and  forms 
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uns  ab  e  compounds.  It  has  a  grey  colour  when  in  mass,  and  is 
malleable  and  ductile  in  a  marked  degree,  and  of  high  specific  gravity 
Cabout  22)  Platmum  fuses  only  at  a  very  high  temperature,  but 
can  be  welded  at  a  red  heat,  in  a  finely  divided  state  the  metal 
has  the  property  of  absorbing  100  times  its  volume  of  oxygen 
and  110  volumes  of  hydrogen,  in  this  form  the  metal  is  an  active 
medmm  m  promoting  certain  chemical  changes,  thus  the  union  of 
oxygjn  and  hydrogen  is  brought  about  with  explosive  violence  •  a 
jet  of  hydi-ogen  directed  upon  finely  divided  platinum  causes  the 
metal  to  glow  and  the  gas  becomes  ignited.  Platinum  is  not 
acted  on  by  either  nitric  or  hydi-ochloric  acid  alone,  but  is  dis- 
solved by  aqua  regia. 

Oxides  and  hydroxides.— Platinum  forms  two  oxides  PtO 
and  PtOa,  these  are  obtained  by  heating  the  corresponding 
liydroxides  Pt(H0)2  and  Pt(H0)4. 

Platinum  tetrachloride,  PtCl,— This  compound  is  much 
used  as  a  reagent  in  quantitative  estimations,  it  can  be  obtained 
m  a  pure  state  by  the  following  method.  Dissolve  some  of  the 
commercial  platinum  in  aqua  regia  and  evaporate  the  solution  to 
dryness  to  get  rid  of  excess  of  acid  :  dissolve  the  residue  in  water. 
To  the  solution  (only  slightly  acid)  add  caustic  soda  till  alkaline 
and  boU  for  some  minutes  ;  aU  the  chlorides  of  the  platinum' 
metals,  except  that  oj  platmuvi  itself,  are  reduced  to  lower 
chlorides,  e.g.,  with  palladium. 

PdCl4  +  2  NaOH  =  PdCl^  +  NaCl  +  NaClO  +  H3O. 
Now  add  a  little  alcohol,  and  boil  again  in  order  to  reduce  the 
sodium  hypochlorite  and  prevent  it  transforming  the  lower 
chlorides  back  again  to  the  higher  form.  We  have  now  present 
as  tetrachloride,  only  platinum,  and  when  ammonium  chloride  is 
added  only  platinum  will  be  precipitated  as  (AnioPtUls),  since  the 
ammonium  salts  of  the  lower  chlorides  are  all  soluble.  On 
igniting  the  AmsPtCle  pui-e  platinum  will  be  obtained,  and  may  be 
flissolved  by  boiling  with  hydrochloric  acid  to  which  a  drop  of 
nitric  acid  is  added  from  time  to  tune. 

Platinum  teti-achloride  is  a  dark  brown  deliquescent  salt  which 
readily  dissolves  in  water,  alcohol  and  ether.  When  a  mixture  of 
PtCU  and  HCl  is  allowed  to  evaporate  over  sulphuric  acid,  brown 
red  crystals   of  chloro-platinic  acid  are  obtained,  having  the 
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composition  HaPtCle.  G  H2O.  When  this  compound  is  heated  to  a 
temperature  of  235°  C  it  breaks  up  into  hydrochloric  acid  and 
PtGl4.  Platinum  tetrachloride  forms  double  salts  with  the 
chlorides  of  the  alkali  metals,  having  the  formula  KaPtClo. 
(NH4)3PtCl6,  and  NasPtCle ;  the  first  two  are  insoluble,  whilst  the 
last  is  readily  soluble  in  water  and  in  alcohol.  PtCU  is  used  for 
separating  potassium  and  ammonium  from  sodium  in  analysis. 

Platinous  chloride,  PtCls.— This  is  obtained  by  heating 
platinic  chloride  to  a  temperature  of  about  200°  as  long  as 
chlorine  is  evolved,  or  by  reducing  platinic  chloride  (in  solution) 
with  SO3.  It  is  a  green  coloured  compound  insoluble  in  water. 
It  forms  double  salts  with  the  chlorides  of  the  alkali  metals,  for 
example,  2  KCl,  PtCU. 

Ammonia  bases. — Although  platinum  forms  no  nitride  it 
yields  a  very  peculiar  class  of  ammonia  derivatives,  consisting  of 
strongly  basic  hydroxides  and  salts  of  these.  The  hydroxides  are 
such  powerful  bases  that  they  compare  with  the  caustic  alkalies, 
and  will  expel  ammonia  from  ammonium  salts,  absorb  carbon 
dioxide  from  the  air,  precipitate  the  hydroxide  of  aluminium  (also 
Fe2(H0)6,  etc.),  the  precipitate  being  soluble  in  excess,  just  as  it  is 
with  caustic  potash  or  soda.  The  salts  and  bases  are  very  numerous, 
we  can  only  mention  some  of  the  best  known  of  the  series. 

If  PtCla  be  dissolved  in  hydi'ochloric  acid  and  ammonia  be 
added  to  the  boiling  solution,  brilliant  green  crystals  are  deposited 
on  cooling,  having  the  composition  Pt(NH3)4Cl2.PtCl2  (gi"een  salt 
of  magnus),  and  by  boiling  this  for  some  time  with  ammonia  it 
ultimately  dissolves,  and  from  the  solution  alcohol  will  precipitate 
Reiset's  first  chloride,  Pt(NH3)4Cl3.  If  this  chloride  be  heated  to 
250°  C  so  long  as  ammonia  is  evolved  we  obtain  Reiset's  second 
chloride,  Pt(NIi3)2Cl2.  These  chlorides  may  be  transformed  into 
sulphates  by  the  action  of  sulphuric  acid,  and  by  adding  just 
sufficient  baryta  water  to  combine  with  the  sulphuric  acid  the  free 
base  is  obtained. 

The  following  equations  illustrate  the  changes  which  occm- : — 

(1)  Pt(NH3)4Cl2  +  H2SO4  =  Pt(NH3)4S04  +  2  HCl 
and    Pt(NH3)4S04  +  Ba(0II)2  =  Pt(NH3)4(OH)2  +  BaS04 

(2)  Pt(NH3)2Cl2  +  H2SO4  =  Pt(NH3)2S04  +  2  HCl 
and    Pt(NH3)aS04  +  Ba(0H)2  =  Pt(NH3)2(OH)2  +  BaS04. 


CHAPTER  XIII. 


THE  IRON  GROUP. 

Fe,  Co,  Ni. 
General  Characters. — 

1.  Iron,  like  cobalt  and  nickel,  occurs  in  the  mineral  form 
in  combination  with  sulphur  and  arsenic;  the  three  metals 
frequently  replace  one  another  in  the  same  ore  and  the  crystals 
are  isomorphous— e.  (7.  mispickel,  FeSAs,  nickel  glance,  NiSAs, 
cobalt  glance,  (FeCo)AsS,  speiss-cobalt,  (FeCoNi)As2. 

2.  The  metals  are  difficult  to  fuse,  Ni  being  most  fusible  and 
Fe  least  fusible,  just  as  occurs  in  the  platinum  group. 

Approximate  melting  point  in  degrees  Centigrade — 


Iron.  Cobalt.  Nickel. 

1800  1800  1600 

Rutlienium.  Rhodium  Palladium. 

1800  2000  1500 

Osmium.  Iridium.  Platinum. 

2500  1950  1780 


Iron  and  cobalt  decompose  water  at  a  red  heat,  but  in  the  case 
of  nickel  the  decomposition  proceeds  less  readily. 

The  metals  are  magnetic  but  lose  this  property  when  strongly 
heated  ;  iron  at  780°  C,  cobalt  at  a  higher  temperature  than  this, 
and  nickel  at  a  still  higher  temperature  than  cobalt. 

They  also  occlude  hydrogen,  nickel  (just  as  its  analogues  Pd. 
and  Pt.  do  in  the  platinum  group)  in  the  highest  degree. 

3.  The  oxides  and  chlorides  are  most  stable  in  the  case  of 
iron  and  least  so  in  the  case  of  nickel— e.  g.  FcgClg  can  be 
volatilized  without  decomposition,  C02CIQ  is  extremely  unstable, 
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whilst  with  nickel  no  higher  chloride  than  NiCla  has  been 
obtained. 

4.  The  double  cyanides  show  similar  behaviour. 

K4FeCyg  stable,  K^CoCyg  moderately  stable 

KaFeCye     „     KsCoCyg  stable 
But  in  the  case  of  nickel  no  such  double  cyanides  have  been 
obtained,  the  only  salt  of  this  type  being  K2NiCy4 

IRON. 

Occurrence. — In  the  metallic  iorm  iron  has  been  found  in  large 
masses  in  Greenland  and  occurs  also  in  meteorites  associated 
with  cobalt  and  nickel.  As  oxides  it  is  found  as  magnetite,  1^6304, 
in  masses  or  octahedral  crystals  cliiefly  in  Lnplaud,  Sweden, 
Siberia,  and  some  parts  of  North  America  ;  as  hiBmatite,  Fe203, 
in  Belgium,  Sweden,  Elba,  on  the  soutli  of  Lake  Superior,  and  in 
England  it  is  worked  in  the  neighbourliood  of  Whitehaven  anc^ 
Ulverston  ;  as  limonite,  2Fe203.3H20,  in  South  Wales  and  in 
Spain  ;  the  bog  iron  ores  which  occur  in  Ireland,  Sweden  and 
North  Germany  belong  to  the  class  of  hydrated  oxides.  The 
carbonate  is  known  as  the  mineral  spathic  iron  ore,  or  in  the  less 
pure  and  more  earthy  form  of  clay  ironstone,  and  associated  with 
carbonaceous  matter,  as  black  band  ironstone.  As  sulphides  there 
is  iron  pyrites,  FeSj,  occurring  in  large  quantities  in  Spain,  and 
crystallizing  in  the  regular  system,  the  form  known  as  raarcasite 
crystallizing  in  the  rhombic  system. — The  principal  arsenical  iron 
ore  is  mispickel,  FeSAs. 

Metal. — The  ores  employed  in  the  production  of  iron  on  the 
large  scale  must  be  such  as  ciin  be  readily  reduced  and  contain 
as  little  arsenic  and  sulphur  as  possible,  since  these  elements  are 
difficult  to  eliminate  and  have  a  deteriorating  effect  on  the  metal. 
The  oxides  or  hydrated  oxides  and  carbonates  are  the  only  ores 
which  are  applicable  to  iron  smelting. 

Production  of  pig  iron.— The  ore  (if  clay  ironstone  or  a 
spathic  ore)  is  first  calcined  and  then  subjected  to  the  operation 
of  smelting  in  a  blast  furnace. 

The  calcination  is  performed  by  stacking  the  ore,  along  with  a 
small  quantity  of  fuel,  in  heaps  (or  in  shallow  kilns),  and  care- 
fully regulating  the  temperature  and  air  supply  so  that  
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(a)  Most  of  tlie  moisture,  carbon  dioxide,  sulplinr  and  arsenic 
are  expelled. 

(b)  The  ferrous  oxid^  undergoes  sufficient  oxidation  to  ferric 
oxide  to  avoid  the  production  of  ferrous  silicate  during  the  smelt- 
ing operation. 

(c)  The  ore  is  rendered  more  porous,  a  condition  which  facilitates 
us  ultimate  reduction  to  metallic  iron. 


'^illllll 


Fig.  35. 

The  calcining  operation  is  thus  not  onl}'  essential  for  getting 
rid  of  certain  objectionable  impurities  but  also  relieves  the  woik 
of  the  blast  furnace. 

The  smelting  is  performed  in  a  tall  furnace  known  as  the  blast 
furnace,  the  form  of  which  will  be  seen  by  reference  to  Fig.  35. 
The  height  of  such  a  furnace  may  be  as  much  as  80ft.  and  its 
greatest  internal  width  25ft.  (viz.  at  the  "  boshes  "  D).  The 
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uioulh  of  the  furnace  is  closed  by  a  "  cup  and  cone,"  as  shown  at 
A,  and  tlie  waste  gases  arisiug  from  it  pass  away  by  a  pipe 
which  is  shown  at  B,  just  below  tlie  luoulh.  In  its  lower  part 
the  furnace  gradually  narrows  below  the  boshes  and  at  ils  base  is 
the  "hearth  "  C,  a  space  about  8ft.  in  diameter  and  the  same  in 
height. 

There  is  an  outlet  for  the  slag  at  S,  just  above  the  "dam"  in 
tlie  "  fore  hearth,"  which  is  shown  in  the  figure  just  to  the  left  of 
the  hearth  proper.  BeloAV  this,  the  iron  is  tapped  off  at  intervals 
of  about  12  hours.  The  charge  in  such  a  furnace  consists  of  4 
parts  calcined  ironstone  to  1  part  of  limestone  with  coke  equal 
to  somewhat  less  than  half  the  weight  of  the  ironstone,  though 
the  proportions  vary  in  some  degree  according  to  circumstances, 
such  as  the  nature  of  the  ore,  and  the  character  uf  the  pig-iron  to 
be  produced.  The  air  is  introduced  under  forced  blast  at  open- 
ings, near  the  base  of  the  furnace,  by  water-jacketed  twyers,  5  tons 
(or  about  5000  cubic  yards)  of  air,  and  2^  tons  of  calcined  ore 
being  required  per  ton  of  iron  produced. 

This  quantity  of  air,  large  as  it  seems,  is  insufficient  for  the 
complete  oxidation  of  the  carbon  and  the  gases  escaping  from 
the  furnace  consist  chiefly  of  carbon  monoxide  and  nitrogen. 
They  are  led  off  by  the  pipe  previously  referred  to  and  furnish 
the  means  of  heating  the  air  supplied  to  the  furnace  ;  this  effects 
an  economy  of  fuel  and  also  conduces  to  the  attainment  of  a  high 
and  equable  temperature  in  the  furnace.  The  process  goes  on 
continuously  for  years,  until  indeed  the  furnace  nmst  be  blown 
out  for  repairs,  and  fresh  quantities  of  the  charge  are  periodically 
introduced  by  lowering  the  cone  at  the  mouth  of  the  furnace. 

The  temperature  and  the  composition  of  the  materials  in  the 
furnace  of  course  vary  at  different  parts.  The  temperature  of  the 
charge  in  the  upper  zone  does  not  exceed  dull  red-heat,  and 
lower  down  increases  until  near  the  base  of  the  furnace  a  white  heat 
(over  2000°  C.)  prevails.  The  charge  becomes  gradually  heated 
up  in  the  upper  zone,  and  lower  down  is  reduced  in  the  atmo- 
sphere of  carbon  monoxide  (and  nitrogen),  but  the  iron  remains  in 
the  spongy  condition,  the  temperature  being  insufficient  to  melt 
it ;  the  charge  slowly  descends  and  at  the  lower  parts  of  the 
furnace  it  takes  up  carbon  in  considerable  quantity,  melts  and 
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collects  on  the  hearth  of  the  furnace.  About  midway,  tlie  lin.c 
stone  IS  decomposed  into  lime  and  carbon  dioxide,  and  as  the 
narrower  part  of  the  furnace  is  reached,  the  lime  combines  with 
siliceous  matters,  forming  a  molten  slag,  which  being  specifically 
lighter,  collects  above  the  iron  and  flows  off,  as  the  process  goes 
on,  at  the  slag  hole.  When  a  sufficient  amount  of  metal  has 
accumulated,  it  is  run  oflE  and  cast  in  open  furrows  of  sand  in 
'■  pigs." 

White  pig  is  fine  grained  and  contains  3  to  4  per  cent,  of 
carbon,  chiefly  in  the  form  known  as  "  combined  "  carbon  -  if 
treated  with  dilute  hydrochloric  acid  it  dissolves  almost  com- 
pletely, evolving  gaseous  hydrocarbons.  Grey  pig  is  coarse 
grained,  and  when  freshly  fractured,  crystals  of  graphite  are 
visible  to  the  naked  eye  ;  the  amount  of  carbon  present  does  not 
diflEer  essentially  from  that  in  white  pig,  but  it  is  chiefly  in  the 
graphitic  form  and  is  not  acted  upon  by  dilute  acid.  Such  pig 
iron  when  heated  with  dilute  acid  leaves  therefore  a  residue  con- 
sisting of  carbon.  There  is  also  an  intermediate  form  known  as 
Mottled  pig."  In  addition  to  carbon,  pig  iron  contains  smaller 
quantities  of  silicon  (about  2  per  cent.),  phosphorus  (about  07 
per  cent.),  and  sulphur  (about  O'l  per  cent.). 

Production  of  wrought  iron.— Wrought  iron  as  a  com- 
mercial product  is  essentially  iron  containing  only  a  minimum 
quantity  of  such  impurities,  amounting  in  all  to  about  0-5  per 
cent.  The  removal  of  carbon,  sulphur,  etc.  is  eflected  by  first 
"puddling"  the  pig  iron,  a  process  in  which  the  latter  is  heated 
in  contact  with  ferric  oxide  in  presence  of  air  and  then  ham- 
mering and  rolling  it  whilst  hot,  the  mechanical  pressure  serving 
to  develop  a  fibrous  texture  and  to  squeeze  out  slag  and  other 
matters  retained  by  the  iron. 

Production  of  steel. — Steel  consists  of  iron  associated  with 
from  0'15  to  1'15  per  cent,  of  carbon.  The  processes  mostly 
employed  for  making  steel  are  (a)  the  cementation  process;  {h) 
tlie  Bessemer  process  ;  (c)  the  Siemens-Martin  process. 

Cementation  consists  in  heating  wrought  iron  bars  for  some 
days  (usually  1  to  2  weeks)  in  contact  with  charcoal  or  carbon- 
aceous matter;  the  bar  gradually  takes  up  carbon,  the  outer 
portions  being  more  fully  carbonized  than  the  inner.    To  secure 
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uniformity  of  texture  and  composition,  the  product  is  melted 
and  subjected  to  rolling  and  hammering. 

The  Bessemer  process.— The  Bessemer  "  converter,"  Fig. 
36,  is  a  pear-sliaped  vessel,  A,  lined  with  a  very  refractory 
siliceous  sandstone;  it  is  lar^e  enough  to  hold  a  charge  of  10  tons 
of  molten  metal.  It  is  supported  on  a  central  axis,  and  air,  led 
by  a  pipe,  B,  from  the  trunnions,  is  blown  through  the  charge 
from  twyers  with  fine  openings  at  the  base,  0,  of  the  converter. 
The  converter  is  turned  into  the  horizontal  position  during  the 


introduction  of  the  molten  metal  and  the  blowing  commenced  ;  it 
is  then  rotated  to  bring  the  mouth  upwards  and  the  blowing  con- 
tinued. The  silicon  first  undergoes  oxidation  and  then  the  carbon, 
the  operation  lasting  about  15  minutes.  What  remains  is  practically 
wrought  ii'on  ;  to  convert  this  into  steel,  the  necessary  amount  of 
carbon  must  be  added.  This  is  done  by  adding  a  quantity  of  molten 
spiegeleisen^  a  substance  containing  from  5  to  15  per  cent,  of 
manganese,  and  5  or  6  per  cent,  of  carbon  or  ferromanganese^  a 
similar  body  which  contains  20  per  cent,  or  more  of  manganese,  and 
then  blowing  for  a  short  time.  The  carbon  transforms  the  iron  into 
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iriiroauced,  wlnlst  tlie  manganese  increases  tlie  malleabilitv 
The  presence  of  snlplu.r  in  steel  has  the  effect  of  rendering  U 
brittle  when  hot  ("red-short")  and  phosphorus  makes  it  brkt  e 

JuanSv  of  nl      f  ''''                         than  a  minute 

made  n  fj  T^T"'  "  "^"'^'^'^^t-"      the  process  must  be 

hat  by  lir^n  J  .  '  ^'"^'^^  ^"'^  ^"^''^^  found 

i  t  and "  dd-      r  "^^'^          and  magnesia  instead  of 

tied  inlltf  '  "  ^'^^ 

Thris  t  J  ,  "  "  «-"bi-tion  with  these  bases, 

ihis  .8  termed  the  basio  process,  so  called  from  the  use  of  the 
bases  hme  and  magnesia  as  distinguished  from  tie  cIS 
process,  in  whicli  the  siliceous  lining  is  used. 

Siemens-Martin  process.-Pig  iron  (containing  as  it  does 
a  larger  proport.on  of  carbon  than  steel)  is  melted  In  an  open 
hearth  furnace,  and  wrought  iron  and  iron  ore  (containing  little 
or  no  carbon  are  added  in  such  quantities  as  to  yield  a  ptduct 
containmg  the  requisite  amount  of  carbon.  The  heating  lasL 
usually  eight_  to  ten  hours,  and  samples  are  drawn  from  the 
charge  from  time  to  time  and  tested  as  to  the  amount  of  carbon 
present.  ai^uu 

Steel  varies  in  character  according  to  the  amount  of  carbon  it 
contams  ;  wl.ere  the  proportion  is  low,  the  product  is  termed 
mild  steel ;  it  is  very  ductile  and  moderately  tough,  and  capable 
of  being  only  slightly  hardened  and  "  tempered."  As  the  pro 
portion  of  carbon  rises,  the  ductility  shows  a  falling  off  but  the 
tenacity  increases,  though  a  limit  is  reached  as  the  carbon  ap- 
proaches 1-6  per  cent,  when  steel  resembles  cast  iron,  being  bird 
and  brittle. 

When  a  steel  of  intermediate  character  is  heated  to  bright  red- 
ness and  suddenly  cooled  it  becomes  very  hard  (glass-hard)  and 
brittle.  If  in  this  condition  it  be  again  hented  to  a  much  lower 
temperature  (between  200°  C.  and  350°  C.)  it  loses  this  brittleness 
and  becomes  elastic  in  degrees  varying  with  the  particular  tem- 
perature used.  This  treatment  is  called  "  tempering,"  and  it  is 
employed  for  bringing  the  steel  into  a  condition  suitable  for 
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different  classes  of  tools  or  appliances  according  as  hardness  or 
elasticity  are  most  to  be  desired  for  such  appliances. 

Composition  and  properties  of  wrought  iron,  cast  iron, 
and  steel.— The  following  table  shows  the  general  composition 
of  these  products. 


Wrought  iron. 

Steel. 

Cast  roil. 

Iron   

Carbon 
Sulphur  ... 
Phosphorus 
Silicon 
Manganese 

99-5 
0-1  to  0-3 
trace 
0-2 
nil 
nil 

98-5 
0-3  to  1-5 

0-04 
0  03  to  0-1 

0-2 

0  to  1  or  more 

92  to  95 
1-5  to  4-5 

0-1 

0-5 
1  to  4 

nil 

Tensile  strength.— Iron  and  steel  are  fibrous  and  tough,  the 
former  possessing  a  tensile  strength  of  about  25  tons  per  square 
inch  of  section  and  the  latter  30  to  45  tons  ;  cast  iron  is  hard  and 
brittle,  its  tensile  strength  being  usually  between  6  and  10  tons 
to  the  square  inch.  Wrought  iron  and  steel  are  also  highly 
malleable  though  less  so  than  silver  or  gold  ;  tliey  are  capable  of 
being  welded.  The  melting  point  of  all  three  substances  is  very 
high  (approximately  1600°  to  1800°),  that  of  cast  iron  being 
lowest  and  of  wrought  iron  highest.  Iron  decomposes  steam  at 
a  red  heat,  and  in  the  finely  divided  condition  it  even  acts  upon 
boiling  water.  At  ordinary  temperatures  it  oxidizes  superficially 
("  rusts")  in  moist  air  or  in  water  containing  air  in  solution. 

Oxides  and  hydroxides. — Three  oxides  of  iron  are  known  to 
exist  in  the  free  state,  viz.  ferrous  oxide,  FtO,  magnetic  oxide, 
Fe304,  and  the  sesquioxide  or  ferric  oxide  Fe203,  whilst  a  fourth 
(probably  FeOg)  occurs  in  combination  in  certain  unstable  salts, 
the  ferrates  of  the  alkal'es  and  alkaline  earths. 

Ferrous  oxide,  FeO,  is  obtained  by  reduction  of  the  sesqui- 
oxide in  hydrogen  at  300°  C.  or  by  heating  the  oxalate  with  the 
exclusion  of  air  or  oxygen.  It  glows  on  exposure  to  air  at 
ordinary  temperatures,  and  readily  becomes  oxidized  to  ferric 
oxide.  The  ferrous  hydroxide  Fe(0H)2,  a  white  flocculent  sub- 
stance obtained  by  precipitation  of  ferrous  salts  with  potash, 
pxygen  being  rigidly  excluded,  also  absorbs  oxygen  with  great 
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act  0   of  the  several  acids  upo„  it  (or  „pon  metallic  iron)  a  series 
.  of  salts  known  as  the  ferrous  salts  are  obtained.    These  salts  are 

Ld-fj:: 

(See  p.  209.)  It  is  obtained  as  a  residue  when  ferrous' sulphate 
IS  strongly  heated,  and  this  residue  is  employed  as  a  polishin- 
powder  or  as  a  pigment  under  the  names  colcothar,  jeweller's 
rouge  Venetian  red,  and  yellow,  red,  or  brown  ochre,  according  to 
Its  shade.  Iron  rust  consists  chiefly  of  hydrated  ferric  oxide 
Ihe  Hydroxide,  Fe2(OII)6,  is  obtained  on  precipitating  ferric  salts 
with  alkalies  : — 

Fe2C]e  +  6  KOH  =  Fe2(0H)g  +  6  KCI. 
It  forms  the  base  of  the /emc  salts. 

Magnetic  oxide  of  iron,  -Ee.O,,  occurs  as  magnetite  or  lode- 
stone,  and  IS  formed  when  metallic  iron  is  strongly  heated  in 
steam  or  carbon  dioxide.  It  derives  its  name  from  the  fact  of  its 
being  magnetic.  Strong  mineral  acids  act  upon  it,  forming  a 
mixture  of  ferrous  and  ferric  salts,  and  no  series  of  salts  corre- 
sponding to  it  has  been  prepared. 

When  chlorine  is  passed  into  a  strong  solution  of  caustic  potash 
in  which  ferric  hydrate  is  suspended,  some  of  the  iron  passes  into 
the  solution,  which  becomes  purple  and  contains  a  compound  of 
a  higher  oxide  of  iron,  potassium  ferrate  (K2Fe04  ?). 

Ferrous  sulphide,  PeS,  is  prepared  by  heating  together  iron 
filings  and  sulphur,  or  by  the  reduction  of  ferrous  sulphate  by 
carbon.  The  precipitated  form  of  it,  obtained  by  adding  an  alka- 
line sulphide  to  a  ferrous  salt,  rapidly  undergoes  oxidation  to 
ferrous  sulphate  when  exposed  to  air.  Mineral  acids  act  very 
readily  on  ferrous  sulphide,  liberating  sulphuretted  hydrogen. 

Iron  pyrites,  FeS2,  is  found  native  as  iron  pyrites  and  as  mar- 
casite  ;  in  contact  with  moisture  and  air  these  become  slowly 
oxidized  to  ferrous  sulphate.  When  tliey  are  heated,  sulpliur  is 
given  off,  and  in  presence  of  air  this  undergoes  a  inore  or  less 
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complete  oxidation  to  sulphur  dioxide,  ferric  oxide  being  left  as  a 
residue. 

Ferrous  chloride,  FeClg,  is  obtained  in  white  feathery  crystals 
by  heating  metallic  iron  in  a  current  of  dry  hydrochloric  acid.  It 
is  deliquescent  and  readily  soluble  in  water,  green  crystals  having 
the  composition  FeCl2.4  H^O  separate  out  when  iron  is  dissolved 
in  hydrochloric  acid  and  the  solution  is  concentrated  by  evapora- 
tion. By  treating  such  a  solution  with  chlorine,  the  ferrous 
chloride  passes  into  ferric  chloride. 

Ferric  chloride,  FeaClo.— This  salt  is  also  formed  by  direct 
union  of  iron  and  chlorine  or  by  dissolving  ferric  oxide  in  hydro- 
chloric acid.  Ferric  chloride  can  be  volatilized  without  decora- 
position,  its  boihn,-  point  being  about  280°  C. ;  up  to  over  400°  C. 
the  density  of  its  vapour  accords  with  the  composition  FegClg,  but 
at  higher  temperatures  it  diminislies,  and  at  750°  C.  possesses  ap- 
proximately half  the  above  density,  corresponding  to  the  com- 
position FeCIj — 

VD  at  448°  =  10-49     VD  at  750°  =  5-39 
FegClg  requires  11-i  (air  =  1) 
FoClg       „        5-6(     „  ) 

Ferric  chloride  is  freely  soluble  in  water,  and  the  solution  dis- 
solves freshly  precipitated  ferric  hydrate  in  such  quantity  that  its 
composition  may  reach  Fe2(OH)5Cl ;  if  it  be  then  dialyzed  the 
chlorine  is  almost  entirely  removed  and  the  solution  of  ferric 
hydrate  in  the  colloidal  form  is  obtained.  This  is  known  as 
"  dialyzed  iron."  A  solution  of  ferric  chloride  undergoes  reduction 
to  ferrous  chloride  when  sulphuretted  hydrogen  is  passed  into  it. 
FesCls  +  H2S  =  FeCls  -|-  2  HCl  +  S 

Metallic  iron  combines  directly  with  bromine  and  iodine  when 
triturated  with  them  ;  ferrous  bromide,  FeBig,  is  thus  formed  in 
the  manufacture  of  bromine  and  a  solution  of  iodine  mferro'i 
iodide,  Felj,  is  made  use  of  in  the  production  of  potassium  iodide  ; 
Fejlg  +  4  H2O  4  K2CO3  =  8  Kl  +  Fe3(OH)8  +  4  COg 

The  simple  ferrous  and  ferric  cyanides  have  not  been  obtained 
in  a  state  of  purity,  but  a  complex  and  very  important  series  of 
double  cyanides  of  iron  and  K  Na,  Ba,  Cu,  etc.  has  been  prepared  : 
the  ferrocyanide  of  potassium  (K^Fe"Gyg)  and  the  ferricyanide  of 
potassium  (K^¥e"'Cy^  are  frequently  used  in  testing  for  the  pre- 
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fd^yj'  ^  ^'"'^'^  =  KFe"Fe"'Cy«  +  3  KCl. 
K3Fe"'0y„  +  Fe'V],  =  KF."Fe"'Cy«  +  2  KCl 
rhe  body  KFe"Fe"'Cy«  is  a  dark-blue  precipitate  identical  in 
he  t  .0  reasons  ;  ,t  is  called  soluble  Prussian  blue,  as  it  can  be 
dis  olved  by  water.  But  if  now,  soluble  Prussian  blue  be  digested 
jv-,th  feme  and  terrous  chloride  respectively  (or  if  these  chlorides 
be  ongmally  used  in  excess)  the  whole  of  the  potassium  is  replaced 
and  complex  cyanides  of  iron,  viz.  inMle  Prussian  blue  and 
lurnbulLs  blue,  are  respectively  obtained-— 

3  KFe"Fe'"Cy,  +  Fe"'Cl3  =  3  KCl  +  3  Fe"Cy,.4  Fe"'Cy3. 

9  R-I?^"l?  '"n       ,    -r.  /,^,  InsolnWe  Prussian  blue. 

2  KFe  Fe  Gy^  +  Fe"C],  =  2  KCl  +  3  Fe"C>-2.2  Fe"'Cy3. 
rr,<      f        ,.         „  Tiirnbull's  blue. 

lhe_  formation  of  these  precipitates,  and  the  fact  that  ferric 
salts  give  noprecipitate,  but  only  a  brown  colouration,  wlien  added 
to  ferricyumde  of  potassium,  afford  means  of  detecting  the  presence 
of  iron  and  of  distinguishing  ferrous  fi'ora  ferric  salts. 

Ferrous  sulphate,  FeS047  11,0,  known  also  as  green  vitriol 
forms  green  monoclinic  crystals,  and  is  obtained  by  dissolving 
metallic  iron  in  dilute  sulphuric  acid  (excluding  air  or  oxygen) 
and  then  concentrating  the  solution  to  the  point  at  which  it  cl-ys- 
tallizes.    It  is  also  formed  slowly  by  the  oxidation  of  the  mineral 
marcasite  (FeSg)  at  ordinary  temperatures.    When  this  salt  is 
mixed  in  solution  with  alkaline  sulphates,  and  sufficiently  concen- 
trated, crystals  of  a  double  salt  having  the  composition  M2SO4. 
FeSO^.GHgO  separate  out.    Ferrous  salts  in  presence  of  oxidizing 
agents,  such  as  acidulated  solutions  of  potassium  permanganate 
and  potassium  bichromate,  are  converted  into  ferric  salts,  and  if 
the  amount  of  the  oxidizing  agent  so  used  is  known,  this  reaction 
may  be  employed  for  estimating  the  iron  present— 
10  FeSOi  +  2  KMnO^  -|-  9  H^SO^  =  5  Fe,(SO,),  +  2  MnSO^ 

+  2  KIISO,  +  8  HoO 
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6  FeSO.  +  K^Cr^O;  +  8  H2SO4  =  3  Fe2(S04)3  +  Cr2(S04)3 

+  2  KHSO4  +  7  H2O 

Comparing  the  combining  weights  of  the  oxidizing  agents  used 
with  the  amount  of  iron  present  in  the  ferrous  condition  it  is  seen 
from  the  equations  that  315-4  parts  by  weight  of  potassium  per- 
manganate correspond  to  560  parts  by  weight  of  iron,  and  294-8 
parts  of  potassium  bichromate  correspond  to  336  parts  of  iron. 
Such  interactions  between  an  oxidizable  body  and  an  oxidizing 
agent  may  be  more  readily  understood  by  regarding  the  action  as 
talting  place  between  the  respective  oxides  which  really  take 
part  in  them,  thus — 

10  FeO  +  Mn207  =  5  Fe^O^  +  2  MnO. 
6  FeO  +  2  CrOa  =  3  Fe^Og  +  Gr^O^. 
Conversely,  a  solution  of  ferrous  sulphate  or  of  the  double  salt 
ferrous  ammonium  sulphate,  of  known  strength,  may  be  employed 
for  estimating  the  amount  of  an  oxidizing  agent  present.  A  cold 
concentrated  solution  of  ferrous  sulphate  dissolves  nitric  oxide 
forming  FeSO4.NO,  and  the  dark-brown  ring  observed  in  testing 
for  the  presence  of  nitric  acid  in  a  solution  is  due  to  the  presence 
of  this  body. 

Ferric  sulphate,  Fe2(S04)3. — When  ferrous  sulphate  is  ex- 
posed to  moist  air  it  is  slowly  transformed  into  ferric  sulphate, 
and  this  change  (see  previous  pai  agraph)  is  effected  more  rapidly 
in  solution  in  presence  of  oxidizing  agents.  Ferric  sulphate  is 
formed  directly  by  dissolving  ferric  oxide  (Fe203)  in  sulphuric  acid. 
In  combination  with  alkaline  sulphates  it  forms  alums  isomorphous 
with  ordinary.alum  ;  thus  iron  ammonium  alum  has  the  composi- 
tion (NH4)2S04.Fe2(S04)3.24  HgO,  and  differs  from  ordinary  am- 
monia alum  (NH4)2S04.Al2(S04)3.24  HgO  in  the  replacement  of 
ahmiiniuni  by  iron. 

Ferrous  and  ferric  nitrates,  Fe(N03)2  and  Fe(N03)3,  ^^'^ 
prepared  by  the  action  of  nitric  acid  on  iron,  the  ferrous  salt  being 
obtained  when  cold  dilute  nitric  acid  is  employed  and  the  ferric 
salt  when  excess  of  concentrated  acid  is  added.  The  ferric  nitrate 
obtained  in  this  way,  or  the  product,  obtained  by  the  action  of 
nitric  acid  on  ferrous  sulphate  is  used  as  a  mordant  in  dyeing. 
I^asic  salts  may  be  obtained  by  digesting  frcslily  precipitated 
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ferric  hydrate  with  concentrated  aqueous  solutions  of  ferric 
eulpliate  or  nitrate. 

Ferrous  carbonate,  FeCO,,  occurs  as  already  stated  as  a 
mineral  product.  It  is  formed  when  an  alkaline  carbonate  is 
added  to  a  solution  of  a  ferrous  salt.  In  this  form  it  is  very 
unstable  and  readily  parts  with  carbon  dioxide;  the  ferrous 
hydroxide  thus  produced  then  undergoes  oxidation  to  ferric 
hydroxide,  and  the  reddish-brown  deposit  which  is  found  in  chaly- 
beate waters  is  no  doubt  formed  from  ferrous  carbonate  in  this 
way. 

Detection  and  estimation.— Ammonia  and  the  caustic  alkalies 
effect  the  precipitation  of  iron  from  the  solutions  of  its  salts  as 
hydroxides,  and  this  when  strongly  heated  in  air  yields  ferric 
oxide  (FcgOj),  in  which  form  iron  is  usually  estimated  gravi- 
metrically.  The  volumetric  estimation  of  iron  by  means  of 
potassium  permanganate  or  bichromate  has  been  already  referred 
to.  The  presence  of  iron  may  also  be  ascertained  by  moans  of 
ferrocyanide  and  ferricyanide  of  potassium.  (Sec  p.  218.)  Where 
very  small  quantities  of  iron  are  to  be  estimated,  tliis  may  be  done 
by  the  colourimetric  process  depending  on  the  depth  of  tint  given 
by  the  addition  of  potassium  ferrocyanide  (blue)  or  sulphocyanide 
(red). 

COBALT  AND  NICKEL. 

These  elements  present  so  many  points  of  resemblance  that  it 
may  be  advantageous  to  describe  them  together. 

Occurrence. — The  ores  are  chiefly  compounds  of  the  respective 
metals  with  arsenic  and  sulphur  : 

SpeisscobaltjCoAsgOr  (FeCoNi)As2,  and  white  nickel  ore,  NiAsg- 
corresponding  to  the  arsenide  of  iron,  FeAsg. 

Cobalt  glance,  CoSAs,  and  nickel  glance,  NiSAs,  corresponding 
to  mispickol,  FeSAs. 

Kupfernickel,  NiAs,  millerite,  NiS,  and  garnierite,  a  double 
silicate  of  nickel  and  magnesium. 

Cobalt  and  nickel  bloom,  Co3.(As04)2.8  IJ^O,  and  Ni3(As04)2 
8  HgO  corresponding  to  vivianite,  Fe3(As04)28  HgO. 

Metal. — The  arsenical  ores  are  roasted,  extracted  with  liydro- 
chloric  acid  and  treated  with  sulphuretted  hydrogen  for  thp 
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removal  of  copp(3r,  lead,  antimony  and  any  remaining  arsenic. 
Bleaching  powder  is  then  added  in  sufficient  quantity  lo  fully 
oxidize  the  iron  so  that  it  is  thrown  down  on  the  addition  of 
chalk.  The  solution  now  contains  cobalt  and  nickel,  and  a 
further  quantity  of  bleaching  powder  effects  the  precipitation  of 
the  cobalt  as  sesquioxide  C02O3,  the  nickel  being  ultimately  thrown 
down  as  oxide  by  adding  milk  of  lime.  From  these  oxides  the 
metal  may  be  obtained  by  heating  them  in  a  current  of  hydrogen. 
Cobalt  and  nickel  are  both  metals  of  a  grey  colour  possess- 
ing a  high  degree  of  malleability  and  ductility.  Nickel  is  de- 
posited electrolytically  from  a  solution  of  the  nickel  ammonium 
sulphate,  (NH4)2S04  NiS04.6  H2O,  which  is  used  in  this  way  for 
nickel  plating.  It  also  enters  as  a  constituent  into  many  useful 
alloys,  suc'i  as  German  silver  and  nickel  coinage  ;  recently  it  hiis 
been  added  to  steel,  increasing  its  tensile  strength  and  hardness. 

Cobalt  forms  the  basis  of  a  number  of  pigments,  such  as  smalt, 
Thenard's  blue,  Rinmann's  green,  and  cobalt  yellow.  Smalt  is 
formed  by  fusing  crude  cobaltous  oxide  ("  Zatfre  ")  with  quartz 
and  potassium  carbonate  ;  Thenard's  blue  and  liinmann's  green 
bv  heating  cobalt  compounds  with  alumina  and  zinc  oxide  re- 
spectively ;  cobalt  ydloio  by  the  addition  of  potassium  nitrite  to 
an  acid  solution  of  nitrate  of  cobalt. 

When  nickel  is  gently  heated  in  a  current  of  carbon  monoxide, 
nickel  carbonyl  Ni(C0)4  is  produced.  It  is  a  colourless  liquid  of 
specific  gravity  1"356,  which  boils  at  43°  C,  the  vapour  under- 
going decomposition  at  a  somewhat  higher  temperature,  yielding 
a  deposit  of  very  pure  nickel.    Iron  forms  a  similar  compound. 

Oxides  and  hydroxides. — Both  cob;ilt  and  nickel  form  mon- 
oxides and  sesquioxides.  The  monoxides,  CoO  and  NiO,  are 
ubtained  by  heating  the  carbonates,  the  hydroxides,  or  the  sesqui- 
oxides. The  corresponding  hydroxides  are  precipitated  on  the 
addition  of  caustic  potash  to  solutions  of  cobaltous  or  nickel  salts 
respectively,  the  cobaltous  hydroxide  being  insoluble  in  ammonia 
while  the  nickel  hydroxi  le  is  soluble. 

The  sesqioioxides,  C02O3  and  NigOj,  are  black  powders  formed 
when  the  precipitation  by  caustic  alkalies  takes  place  in  presence 
of  chlorine  or  hydrogen  peroxide.  They  may  therefore  be 
obtained  by  passing  chlorine  into  a  solution  of  caustic  potash  in 
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Which  the  monoxides  are  suspended.    These  oxides  are  unstable 

rrrer  ^  ''-^ 

CMorides     The  anhydrous  chlo^Hdes  of  cobalt  and  nickel 
CoCl  and  NiCl„  are  obtained  by  the  action  of  chlorine  on  he 

colour  and  the  latter  pale  bulf.    They  deliquesce  in  nroist  ai, 
beconnng  pink  and  green  respectively.    These  hydrated  forms 
may  be  prepared  by  digesting  the  metals  or  the  monoxides  with 
hydrochloric  acid. 

CobO^,  NiSO,  are  formed  by  dissolving  the  metals  or  their  oxides 
in  nitnc  and  sulphuric  acid  respectively.  The  sulphates  form 
double  salts  with  the  sulphates  of  the  alkalies  resemblin..  the 
corresponding  iron  derivatives.  ° 

A  peculiar  property  of  cobalt  is  the  formation  of  the  cobalt- 
ammes  These  salts  contain  ammonia  feebly  attached  and 
resemble  the  compounds  formed  when  calcium  chloride  or  silver 
chloride  are  exposed  to  the  action  of  ammonia,  and  like  them  they 
readily  dissociate  when  heated,  evolving  ammonia. 

When  ammonia  is  added  to  a  solution  of  cobaltous  chloride 
until  the  precipitate  of  the  hydroxide  first  formed  redissolves 
crystals^  having  the  composition  C0CI2.6NH3.H2O  separate  out 
after  a  time.  On  oxidation  by  exposure  to  air,  derivatives  of  the 
sesquioxide,  C02O3,  are  obtained— e.  9.  CojCle.lONHg.SHoO, 
C02OCI4.8NH3.3H2O,  and  even  of  the  dioxide  CoO,— e'a' 
CoO(N03)2.5  NH3.H2O. 

Detection  and  estimation.— Both  nickel  and  cobalt  are  pre- 
cipitated as  sulphides  on  the  addition  of  ammonium  hydrosulphide 
to  neutral  or  alkaline  solutions  of  their  salts.  The  nickel  sulphide 
is  somewhat  soluble  in  the  reagent,  imparting  a  brown  colour  to 
the  liquid.  The  sulphides  are  only  slowly  dissolved  by  weak- 
hydrochloric  acid,  and  may  thus  be  separated  from  the  readily 
soluble  sulphides  of  iron,  zinc  and  manganese  and  the  hydroxides 
of  aluminium  and  chromium.  Cobalt  compounds  impart  a  bright 
blue  colour  to  the  borax  bead  in  either  the  oxidizing  or  reducing 


THE  IRON  GROUl". 


223 


tiame;  they  also  form  tlie  characteristic  Theiiard's  blue  and 
Kininann's  green.  (See  p.  221.) 

The  separation  of  nickel  and  cobalt  may  be  effected  by  con- 
verting into  the  double  cyanides,  cobalt  forming  the  stable  potas- 
sium cobalticyanide  KjCoCyg,  whilst  nickel  forms  K2NiCy4  ;  ^  on 
now  warming,  with  caustic  soda  in  presence  of  chlorine  (sodium 
hypochlorite),  the  nickel  compound  is  decomposed  and  nickel  is 
precipitated  as  the  black  hydroxide  of  the  sesquioxide  NigOa, 
whilst  the  cobalt  remains  in  solution,  since  the  potassium  cobalti- 
cyanide does  not  suffer  decomposition.  Cobalt  may  also  be 
separated  from  nickel  by  precipitation  with  potassium  nitrite. 
(See  p.  221.) 


CHAPTEE  XIV. 


MANGANESE. 

Though  the  compouuds  of  chromium,  iron,  ruthenium,  and 
osramm  show  m  some  respects  analogies  to  those  of  mangMnese 
there  are  yet  no  sufficient  grounds  for  including  manganese  in 
the  groups  to  which  these  metals  belong.  Chlorine,  according  to 
MeiidelejefFs  classiBcation,  stands  related  to  manganese  in  the 
same  way  that  sulphur  does  to  chromium,  and  the  resemblance  is 
further  borne  out  by  the  fact  that  the  perchlorates  are  isomor- 
phous  with  the  permanganates  just  as  the  sulphates  are  isomor- 
phous  witli  the  chromates  (and  manganates).  In  its  lower  oxides 
and  the  derivatives  corresponding  to  them,  manganese  shows 
more  analogy  to  iron. 

Occurrence.— The  chief  minerals  containing  manganese  are 
the  oxides,  pyrolusite,  MnOg,  braimite,  Mn^Oj,  and  liausmannite 
Mn304 ;  the  carbonate,  MnCOg  is  often  found  associated  with  fer- 
rous carbonate  in  spathic  iron  ores. 

Metal.— The  oxides  of  manganese  are  more  difficult  to  reduce 
tlian  those  of  iron;  to  obtain  the  metal  it  is  necessary  to  mix  the 
oxide  intimately  with  carbon  and  expose  to  a  very  high  tempera- 
ture. The  metal  is  very  readily  oxidized  and  slowly  decomposes 
water  at  ordinary  temperatures,  the  decomposition  proceeding 
rapidly  in  boiling  water.  It  is  not  largely  used,  its  chief  appL"ca- 
tion  being  in  the  production  of  ferromanganese  ;  it  enters  also  as 
an  essential  constituent  of  spiegeleisen,    (See  p.  213.) 

Mang-anous  oxide,  MnO,  is  obtained  by  igniting  the  carbonate 
or  any  of  the  higher  oxides  in  a  current  of  hydrogen ;  the  corre- 
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spending  hydroxide,  Mn(0H)2  is  precipitated  when  caustic  alkalies 
are  added  to  a  solution  of  a  inanganous  salt. 

MnCIa  +  2  KOH  =  Mn(0H)2  +  2  KCl. 

It  is  almost  white,  but  in  contact  with  air  it  rapidly  oxidizes 
and  turns  brown.  Manganous  oxide  is  a  basic  oxide  and  dissolves 
in  mineral  acids  forming  salts  such  as  manganous  chloride,  MnClg, 
s  dphate,  MnSO^,  and  nitrate,  Mn(N03)2. 

Trimanganese  tetroxide,  Mn304,  is  obtained  when  any  oxide 
of  manganese  is  strongly  heated  in  presence  of  air,  and  is  there- 
fore the  form  in  which  manganese  is  graviinetricaUy  estimated. 
Heated  with  sulphuric  acid  it  dissolves,  forming  manganous  sul- 
phate and  giving  off  oxygen,  whilst,  with  hydrochloric  acid, 
chlorine  is  evolved — 

MD3O4  +  8  HCl  =  3  MnCla  +  Clg  +  4  H2O. 

Manganese  sesquioxide,  Mn203,  is  obtained  as  a  passage 
product  on  heating  manganous  nitrate,  the  ultimate  product 
being  MngO^.  Lil^e  the  corresponding  oxides  of  iron  and  ahimin- 
ium  it  forms  an  alum  with  the  sulphate  of  the  alkalies — e.  g. 
K2S04.Mn2(S04)3.21H20.  With  hydrochloric  acid  it  reacts  ac- 
cording to  the  equation — 

Mn203  +  6  HGl  =  2  MnCl2  +  Gig  +  3  HgO. 

Manganese  dioxide,  MnOg.— The  hydroxide  may  be  pre- 
pared by  the  addition  of  caustic  alkalies  to  manganese  salts  in 
presence  of  chlorine  (or  a  hypochlorite),  or  by  agitating  mangan- 
ous hydroxide  with  chlorine  water — 

2  Mn(0H)2  +  GI2  =  MnClg  -1-  Mn(0H)4. 
When  warmed  with  hydrochloric  acid,  manganous  chloride  is 
formed  and  chlorine  given  o2 — 

MnOg  -1-  4  HCl  =  MnCl2  +  Glj  +  2  HgO. 
Comparing  the  action  of  the  last  three  oxides  on  hydrochloric 
acid,  it  is  seen  that  whilst  with  M113O4  only  J  of  the  chlorine  of 
the  hydrochloric  acid  is  evolved  as  chlorine,  and  with  Mn203  only 
^,  the  oxide  MnOj  gives  a  yield  of  ^  the  chlorine.  Manganese 
dioxide  is  thus  the  best  material  for  giving  a  high  yield  of 
chlorine,  and  it  is  largely  used  for  this  purpose  in  the  manufacture 
of  bleaching  powder. 

Manganese  dioxide  may  be  used  as  a  source  of  oxygen,  either 
by  heating  it  by  itself  or  mixed  with  sulphuric  acid. 

ADV.  GHEIX.  Q 
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With  strong  bases  MnO^  forms  mancjanites,  of  whicL 
CaMnOg  may  be  taken  as  an  example.  The  rcsidnal  liquors  from 
the  chlonne  production  on  the  large  scale  contain  manganous 
chloride,  and  the  manganese  may  be  recovered  from  such  liquors 
by  the  Weldon  recovery  process.  This  consists  essentially  in 
the  precipitation  of  the  manganous  hydroxide  by  excess  of  lime, 
and  the  oxidation  of  this  in  presence  of  lime  by  blowing  air 
through  it ;  most  of  the  manganese  is  transformed  into  calcium 
manganite,  which  is  then  available  for  the  further  production  of 
chlorine  by  acting  upon  it  with  hydrochloric  acid 

CaMnOj  +  6HCI  =  CaClj  +  MnCl^  +  CI2  +  3  H^O. 

Manganese  trioxide,  MnOj.— Compounds  winch  contain 
the  group  MnOg  in  combination,  such  as  potassium  mangam.tes 
K2Mn04,  and  the  oxylialoids  MnOgF,  MnOgCl,  have  long  been 
known,  but  it  isi  only  quite  recently  that  evidence  has  been 
obtained  of  tlie  oxide  in  the  free  state.  Wohler  had  noticed  that 
when  concentrated  sulphuric  acid  is  poured  on  solid  potassium 
permanganate,  violet  vapours  were  given  oflF,  wliich  he  thought 
must  be  due  to  permanganic  acid.  Franke  has  shown  that  if  the 
green  solution  obtained  by  dissolving  potassium  permanganate 
(probably  (Md03)2SO^)  be  dropped  upon  dry  sodium  carbonate, 
violet  vapours  are  given  ofiF,  the  composition  of  which  seems  to 
agree  with  the  formula  MnOg.  They  readily  undergo  decomposi- 
tion,  especially  in  presence  of  moisture. 

Manganic  acid,  HgMnO^,  of  which  this  oxide  may  be  re- 
garded as  the  anhydride,  is  not  known  in  the  free  state.  The 
manganates  of  the  alkalies  may,  however,  be  prepared  by  fusing 
manganese  dioxide  with  excess  of  a  caustic  alkali,  or  any  man- 
ganese compound  with  alkalies  in  presence  of  an  oxidizing  agent 
such  as  potassium  nitrate.  They  are  of  a  dark  green  colour,  and 
dissolve  in  water  to  form  green  solutions.  In  presence  of  free 
alkali  they  are  stable,  but  the  weakest  acids,  even  COg,  transform 
them  into  permanganates. 

Manganese  heptoxide,  MngO^,  is  a  brown  liquid  which 
separates  on  adding  potassium  permanganate  in  proper  propor- 
tions to  concentrated  sulphuric  acid.  It  may  be  looked  upon  as 
the  anhydride  of  permanganic  acid,  HaMugOg.  It  is  a  powerful 
oxidiTiiig  agent,  and  like  perchloric  acid  decomposes  in  contact 
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with  dry  organic  matter,  the  carbon  being  oxidized  so  rapidly 
that  it  usually  takes  fire.  _  .•,  w 

The  permanganates  of  the  alkalies  are  obtained  by  acidulating 
solutions  of  the  inanganates.  They  are  readily  soluble  in  water, 
yielding  deep  purple  solutions.  In  acid  solution,  2KMn04  give 
up  5  atoms  of  oxygen  in  presence  of  reducing  agents  (see  p.  218), 
and  this  salt  is  used  in  estimations  by  volumetric  methods. 

As  further  instances  of  its  behaviour  may  be  given  :— 

(1)  Its  action  on  potassium  iodide  : 

2  KMnO4+10  KI  +  14  H2S04  =  12  KHSO4+2  MnSO4+10  1+8  H2O 

(2)  Its  action  on  peroxides  : 

2  KMn04  +  5  Na^Oa  +  14  H2SO4  =  2  KHSO4  +  10  NaHSO* 
+  2  MnS04  +  5  O2  +  8  H2O 
this  reaction  being  quite  comparable  to  that  which  occurs  m 
presence  of  free  hydrogen  peroxide  (see  p.  73). 

(3)  Its  action  on  oxalic  acid  or  oxalates  : 

2KMn04  +  5{^^2H  +  ^^^^^* 

=  2  KHSO4  +  2  MnS04  +  10  CO2  +  8  H2O 

2KMn04  +  5{ggg|+14H.S04 

=  12  KHSO4  +  2  MnS04  +  10  CO2  +  8  HjO. 

(4)  Its  action  on  concentrated  solutions  of  hydrochloric  acid  : 
2  KMn04  +  16  HCl  =  2  KCl  +  2  MnCla  +  5  CI3  +  8  H2O. 

All  these  reactions  may,  like  that  with  ferrous  salts  already 
referred  to,  be  more  readily  understood  by  considering  them  as 
taking  place  between  the  substances  in  question  and  the  oxide 
MnjO?. 

Manganous  sulphide,  MnS,  in  the  anhydrous  condition,  is  a 
green  amorphous  substance,  but  in  the  hydrated  form,  as  precipi- 
tated from  solutions  of  manganese  salts  by  an  alkaline  sulphide, 
it  is  flesh  coloured. 

Nitride  of  manganese,  MngNj,  is  formed  when  finely 
divided  manganese  is  heated  in  nitrogen  ;  if  ammonia  be  sub- 
stituted for  nitrogen,  a  second  nitride,  Mn3N2,  is  obtained.  Man- 
ganese, like  iron,  also  combines  directly  with  carbon  to  form  a 
carbide. 

Manganous  chloride,  MnClg,  is  the  only  chloride  that  has 
been  isolated  ;  however,  an  ethereal  solution  of  hydrochloric  acid 
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to  whicli  manganese  dioxide  has  been  added,  if  kept  sufficiently 
oool,  reacts  as  though  it  contained  a  higher  chloride,  probably 
MngClg.  Manganous  chloride  is  the  final  product  in  uU  cases 
where  the  oxides  or  carbonate  are  treated  with  hydrochloric  acid. 
It  is  a  pink  salt,  and  forms  double  salts  with  the  alkaline  chlorides'. 

Manganous  sulphate,  MnSO^,  is  prepared  by  dissolving 
manganous  oxide  or  carbonate  in  sulphuric  acid,  and  likewise 
forms  double  salts  with  sulphates  of  the  alkalies. 

Detection  and  estimation.— Manganese  gives  in  the  oxidiz- 
ing flame  an  amethyst  colour  to  the  borax  bead  ;  in  the  reducing 
flame  the  bead  gradually  becomes  colourless.  The  formation  of 
the  sky  blue  (in  traces)  or  green  manganate  (see  p.  226)  is  a  very 
delicate  reaction  for  the  presence  of  manganese,  as  also  is  the 
formation  of  a  purple  solution  of  permanganate  on  boiling  man- 
ganese compounds  (free  from  chlorine)  with  nitric  acid  and  iead 
peroxide.  Manganese  may  be  estimated  as  manganous  oxide  or 
sulphide,  but  it  is  more  usual  to  make  use  of  the  interaction  of 
the  dioxide  with  hydrochloric  acid  (determining  the  chlorine 
given  off)  or  that  of  permanganate  with  reducing  agents  of 
definite  composition,  such  as  FeS04,  or  oxalic  acid. 
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CHROMIUM. 

Occurrence. — The  chief  minerals  containing  chromium  are 
chrome  ironstone,  FeO.CrgOg,  and  lead  chromate,  PbCr04. 

Metal.— This  is  obtained  (a)  by  strongly  heating  an  intimate 
mixture  of  the  sesqnioxide  (CrgOg)  and  charcoal,  using  especial 
care  to  exclude  air  ;  (b)  by  heating  the  corresponding  chloride, 
CrgClg,  with  metallic  zinc  under  a  layer  of  common  salt  and  then 
dissolving  out  the  excess  of  zinc  by  means  of  nitric  acid  (HCl 
dissolves  chromium);  (c)  by  similar  treatment  of  a  mixture  of 
potassium  chloride  and  the  double  chloride  of  potassium  and 
chromium  (2  KCl.CrgClg)  with  metallic  magnesium. 

The  metal  is  very  hard,  difiBcult  to  fuse,  and  is  not  magnetic  ; 
it  burns  with  great  brilliancy  when  strongly  heated  in  air  or 
oxygen.  When  alloyed  with  iron  or  steel  it  confers  greater 
hardness,  elasticity,  and  tenacity. 

Oxides  and  hydroxides. — The  lowest  oxide  chromous  oocide, 
CrO,  has  only  been  obtained  in  the-  hydrated  form  by  adding 
caustic  potash  to  the  chromous  chloride,  CrCl2.  It  possesses 
basic  characters,  and  chromous  acetate  is  formed  by  the  action 
of  sodium  acetate  on  chromous  chloride  ;  it  takes  up  oxygen 
eagerly  and  may  be  used  for  freeing  gases  from  traces  of 
oxygen.  Chromous  sulphate,  CrS04,  is  obtained  by  dissolving 
metallic  chromium  in  sulphuric  acid. 

Chromium  Sesquioxide,  Cr^O^,  may  be  prepared  as  a  dark 
green  powder  by  heating  ammonium  bichromate  (NIT4)2Cr20y  or 
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a  mixture  of  potassium  bichromate  and  ammonium  chloride  and 
washing  out  the  potassium  chloride  which  is  formed.  The 
hydroxide  Cr2(0H)g  is  precipitated  when  the  green  or  violet 
solution  of  chromium  salts  {i.  e.  the  sesqui-salts)  are  boiled  with 
caustic  alkalies.  Several  important  green  pigments,  such  as 
emerald  green  and  Guignet's  green,  consist  essentially  of  the 
sesquioxide.  It  is  also  employed  in  porcelain  painting  and  in 
colouring  glass.  The  hydroxide  dissolves  freely  in  the  sesqui- 
chloride,  CrgClg,  just  as  ferric  hydroxide  does  in  ferric  chloride, 
and  on  dialyzing  such  a  solution,  it,  like  iron,  yields  a  hydroxide 
solution  in  water. 

By  dissolving  the  hydroxide  in  sulphuric  acid,  a  green  or  violet 
solution  is  obtained  contaiiii'ig  the  sesquisulphate  Cr2(S04)3,  and 
this  when  mixed  with  potassium  or  ammonium  sulphate  yields 
double  salts  of  a  deep  purple  colour  analogous  to  the  alums  and 
isomorphous  with  them.  The  properties  of  these  bodies  may  be 
studied  by  using  the  potassium  chrome  alum,  K2S04Cr2(S04)3 
2IH2O.  When  dissolved  in  the  cold,  the  solution  has  a  violet 
colour,  which  however  goes  green  slowly  at  ordinary  tempera- 
tures and  quickly  when  it  is  boiled.  Similarly  the  chloride  and 
sulphate  also  form  green  and  violet  solntions.  Towards  reagents 
the  green  solutions  react  diiEerently  to  the  violet,  the  chlorine  or 
the  sulphuric  acid  they  contain  is  only  partially  precipitated  on 
the  addition  of  silver  nitrate  and  barium  chloride  respectively  ; 
also  sodium  phosphate  produces  no  precipitate  at  first  in  the 
green  solutions,  but  in  the  violet  solutions  the  precipitation  occurs 
immediately.  Furthermore  it  is  only  the  violet  solution  of  the 
chromium  sesquisulphate  from  which  alums  can  be  formed,  tlie 
green  solution  yields  a  double  salt  of  the  composition  K2SO4. 
Cr2(S04)3  in  which  barium  chloride  yields  no  immediate  precipitate. 
The  remarkable  fact  that  there  exist  salts  from  which  sulphuric 
and  hydrochloric  acid  fail  to  be  precipitated  by  the  usual  reagents 
has  puzzled  chemists  for  a  long  time ;  the  peculiarity  has  been 
ascribed  to  the  existence  in  combination  of  isomeric  forms  of 
chrominra  sesquioxide  or  to  a  difference  of  character  according  to 
the  amount  of  water  of  hydration  present.  A  more  probable 
explanation  is  that  this  oxide  of  chromium,  like  the  oxides 
of  molybdenum   and  tungsten,  forms  complex  acids  with  the 
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mineral  acids,  and  that  K2S04.Cr2(S04)3  for  instance  contains 
a  very  stable  chromosulphuric  acid  H2Cr2(S04)4,  of  which  the 
above  is  the  potassium  salt. 

Chromium  trioxide,  OrOg,  is  formed  by  the  action  of 
sulphuric  acid  in  excess  on  a  strong  solution  of  a  chromate  or 
bichromate  ;  the  alkaline  chromates  in  aqueous  solution  however 
first  pass  into  bichromates— 

(1)  PbCr04  +  H2SO4  =  PbS04  +  CrOj  +  H2O. 
(2  K^O.CrOj  +  2H2SO4  =  K20(Cr03)2  +  2  KIISO4  +  H/) 
(2)  \    Potassium  chromate  Potassium  bicliromate. 

lK20(Cr03)2  +  2  H2SO4  =  2  GrOg  +  2  KHSO4  +  H^O. 
The  trioxide  separates  out  in  beautiful  scarlet  crystals,  whicli 
must  be  freed  as  completely  as  possible  from  the  mother  liquor  at 
the  pump  and  finally  washed  with  concentrated  nitric  acid.  The 
oxide  decomposes  into  CrgOg  and  oxygen  at  250°  C,  and  is 
a  powerful  oxidizing  agent  owing  to  the  readiness  with  which 
it  parts  with  oxygen  ;  alcohol  dropped  upon  it  takes  fire 
immediately,  and  it  eiTects  the  decomposition  of  ammonia  and 
of  organic  substances.  Ullgren's  method  of  estimating  the 
carbon  present  in  steel  is  based  on  the  fact  that  chromium 
trioxide  (or  a  mixture  of  potassium  bichromate  and  sulphuric 
acid)  transforms  the  carbon  into  carbon  dioxide,  the  amount 
of  carbon  dioxide  being  easily  determined  by  absorption  in 
caustic  potash.  By  saturating  an  aqueous  solution  of  chromic 
acid  with  ammonia  and  then  allowing  the  product  to  evaporate, 
crystals  of  ammonium  chromate  (Nll4)3Cr04  are  obtained. 

Potassium  chromate,  K2Cr04,  may  be  prepared  by  fusing 
chrome  iron-stone  or  chromium  sesquioxide  with  potassium 
carbonate  and  nitrate  or  by  passing  chlorine  into  a  hot  solution 
of  potash  in  which  the  precipitated  chromium  hydroxide  is  sus- 
pended. Insoluble  chromates  are  formed  by  precipitation — 
K2Cr04  +  BaPlg  =  2  KCl  +  :BaCr04. 
Potassium  bichromate,  KgCrgOy.— When  sulphuric  acid  is 
added  to  a  solution  of  potassium  chromate,  the  yellow  solution 
darkens,  and  on  concentration  crystals  of  the  bichromate  (much 
less  soluble  than  the  chromate)  separate  out.  When  the 
bichromate  is  treated  with  CrOj,  the  trichromate  KgCrjOjo  ip 
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formed,  and  if  it  be  dissolved  in  hot  concentrated  nitric  acid  the 
tetraehromate  KoCr^Oij  is  obtained. 

Perchromic  acid,   HCrO,  (?)  occurs  in  tl^e  bright  blue 
ethereal  solution  obtained  by  shaking  up  with  ether  an  acidu- 
ated  solution  of  potassium  chromate  to  which  hydrogen  peroxide 
has  been  added. 

Nitride  and  phosphide  of  chromium,  Cv^TS^  and  CrgP,  are 

ohtamed  by  the  direct  union  of  chromium  with  nitrogen  'and 
phosphorus  respectively.  Carbides  of  the  composition  Cr,G  and 
CrgOg  are  likewise  formed  by  strongly  heating  chromium  in 
presence  of  carbon.  They  are  extremely  hard  and  are  not 
attacked  even  by  aqua  regia. 

Chromous  chloride,  CrCl^,  is  produced  by  heating  chromium 
to  redness  in  h3  drochkric  acid  gas.  If  to  a  solution  of 
potassium  bichn  mate  excess  of  zinc  be  added  and  concentrated 
hydrochloric  acid  be  then  run  in,  a  beautiful  sky-blue  liquid  is 
obtained,  owing  to  the  formation  of  chromous  cliloride.  Oxygen 
acts  upon  it  immediately  and  the  preparation  must  be  made  in  a 
vessel  from  which  the  air  has  been  displaced  by  carbon  dioxide, 
the  hydrochloric  acid  being  supplied  from  a  stoppered  funnel! 
This  reagent  is  used  for  the  removal  of  oxygen  from  admixture 
with  other  gases. 

Chromium  sesquichloride,  CrgCle,  is  a  very  stable  body, 
which  can  be  sublimed  without  decomposition,  and  its  vapour  at 
1300°  C.  has  a  density  corresponding  to  the  formula  CrCJj.  It  is 
reduced  to  chromous  chloride  when  heated  in  hydrogen,  but  it 
resists  the  action  of  strong  mineral  acids.  It  is  obtained  in 
bright  purple  scales  by  heating  a  mixture  of  the  sesquioxide 
and  carbon  in  a  current  of  ciilorine.  When  chromic  hydroxide 
is  evaporated  down  with  hydrochloric  acid,  a  green  hydrated 
chloride,  Cr2Clg.2  H2O,  is  obtained,  which  when  sublimed  yields 
a  purple  chloride  identical  with  the  above. 

The  chloride,  CrClg,  corresponding  to  the  trioxide  has  not  been 
prepared,  but  the  oxychloride,  CrOgClg,  is  well  known  as  a  reddish 
brown  liquid  which  distils  over  when  a  dry  mixture  of  a  soluble 
chloride  and  potassium  bichromate  is  heated  with  concentrated 
sulphuric  acid.    It  is  best  prepared  by  dissolving  the  trioxide  ip 
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concentrated  sulphuric  acid,  and  adding  hydrc  chloric  acid  drop 
by  drop,  and  gently  wanning  the  mixture. 

CrOg  +  2  HCl  =  CrOaClj  +  HgO. 
The  water  formed  in  the  reaction  is  retained  by  the  sulphuric 
acid.    Chromyl  chloride  is  a  powerful  oxidizing  and  chlorinating 
agent ;  in  presence  of  moisture  it  decomposes  according  to  the 
equation — 

CrOaGlg  +  2  HgO  =  2  HCl  +  H2Cr04. 

Chromium  forms  compounds  with  the  remaining  halogens, 
very  much  resembling  those  which  it  forms  with  chlorine.  In 
the  case  of  fluorine,  a  hexafluoride,  CrFg,  is  prepared  by  acting 
on  a  mixture  of  lead  chromate  and  calcium  fluoride  wi;h  concen- 
trated sulphuric  acid.  It  reacts  with  water  in  a  singular  manner, 
giving  rise  to  two  acids — 

CrPo  +  4H2O  =  6HF  +  HgCrOi. 

Detection  and.  estimation. — Chromium  compounds  colour 
the  borax  bead  green  in  both  oxidizing  and  reducing  flames. 
From  the  chroraous  or  sesqui-saUs,  tlie  corresponding  hydroxide 
is  precipitated  by  caustic  alkalies.  Substances  containing 
chromium  yield  a  yellow  mass  (chromate)  when  fused  with 
alkaline  carbonates  and  nitre.  The  salts  of  the  trioxide,  CrOg, 
are  not  precipitated  by  alkalies,  but  on  boiling  with  excess  of 
concentrated  hydrochloric  acid,  or  with  alcohol,  or  by  the  action 
of  reducing  agents,  such  as  HgS  or  SOg,  they  are  transformed  into 
the  lower  forms  of  oxidation  (sesqui-salts),  becoming  green,  and 
the  chromium  is  then  precipitated  by  alkalies. 

Silver  nitrate  precipitates  the  bright  red  silver  chromate 
from  neutral  solutions  of  the  chromates  and  lead  nitrate  pre- 
cipitates the  yellow  lead  chromate. 

Chronuum  is  estimated  as  CrgOg,  obtained  by  igniting  the 
precipitated  hydroxide. 
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TIN  GROUP. 
Sn,  Pb. 

General  Characters. — 

1.  The  metals  are  white,  easily  fusible  and  not  readily  affected 
by  exposure  to  air  at  ordinary  temperatures. 

2.  The  oxides  of  the  forms  RO  and  RO2  are  known  ;  the  first 
are  of  a  basic  character,  and  hence  the  tendency  to  the  formation 
of  oxy-salts  is  shown  ;  the  second  are  predominantly  acidic,  with 
hydroxides  of  variable  solubility  in  the  sub-group. 

3.  The  elements  combine  directly  with  chlorine  to  form  dichlor- 
ides  and  tetrachlorides.  The  tetrafluorides  form  with  the  alkaline 
fluorides  a  well-defined  series  of  isomorphous  double  salts, 
2MF.RF4.  The  members  of  the  group  form  tetraethides  and 
tetramethides,  R(C2ll5)4  and  R(CH3)4. 


TIN. 

Occurrence. — Though  occasionally  found  in  the  metallic  con- 
dition (Siberia  and  Guiana)  the  chief  ore  is  tinstone,  SnOa,  which 
is  found  in  large  quantity  in  Devon  and  Cornwall,  in  the  Straits 
Settlements,  Saxony  and  other  localities. 

Metal. — To  obtain  this,  the  tinstone  is  crushed  and  the  lighter 
gangue  washed  away  ;  it  is  then  roasted  to  remove  any  arsenic  or 
sulphur.  The  reduction  takes  place  easily  and  is  effected  by  heat- 
ing the  ore  in  a  reverberatory  furnace  with  about  one-fif  tli  its  weight 
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of  anthracite  and  a  little  lime  or  fluorspar.  The  final  purification 
consists  in  melting  the  metal  and  running  it  ofif  in  the  molten 
condition  (the  process  of  liquation)  from  a  dross  containing  nmch 
iron  and  arsenic,  and  finally  stirring  the  molten  metal  with  green 
wood,  by  which  any  remaining  slag  is  carried  to  the  surface  and 
the  reduction  is  rendered  complete. 

It  is  a  white  malleable  metal  melting  at  about  230°  C.  Con- 
centrated hydrochloric  acid  dissolves  it  readily,  forming  stannous 
chloride,  SnClg  but  concentrated  nitric  acid  is  almost  without 
action  upon  it ;  dilute  nitric  acid  however  dissolves  it,  and  tlie 
hydroxide,  known  as  metastannic  acid,  H20(Sn02)5.4  HgO,  separ- 
ates out  on  boihng.  When  calcined  in  air,  the  dioxide  SnO^ 
is  obtained  as  a  wliite  insoluble  powder. 

Alloys. — Tin  is  largely  used  for  plating  iron  and  also  as  a 
constituent  of  many  important  alloys.  With  copper  it  forms 
gun-metal,  speculum-metal,  bell-metiil,  and  bronze  ;  with  lead  it 
forms  solder  and  pewter.  Britannia-metal  is  an  alloy  of  tin, 
antimony  and  copper,  and  with  mercury,  tin  yields  an  amal_;ani 
which  is  used  for  producing  the  bright  reflecting  surface  on  glass 
mirrors. 

Oxides  and  hydroxides.  The  stannous  hydroxide  is  a  white 
powder  precipitated  on  the  addition  of  sodium  carbonate  to 
stannous  chloride;  it  readily  takes  up  oxygen  on  exposure  to 
the  air,  but  if  gently  heated  in  carbon  dioxide,  a  black  powder, 
stannous  oxide,  SnO,  is  obtained. 

Stannic  oxide,  SnOg,  is  a  white  powder  wliich  may  be  prepared 
by  heating  metallic  tin  in  the  air  or  by  the  action  of  nitric  acid  on 
tin.  It  is  insoluble  in  water  and  acids  and  is  used  for  polishing 
glass. 

There  are  two  stannic  hydroxides,  and  as  tliese  have  acid 
properties,  readily  combining  with  alkalies  to  form  salts,  they 
have  been  termed  acids,  viz.  stannic  acid  and  metastannic  acid. 

Stannic  acid,  H^SnOj,  is  obtained  by  the  action  of  caustic 
soda  on  stannic  chloride,  SnCl4,  or  by  the  decomposition  of  sodium 
Ktanuate  NiigSnOg  with  hydrocliloric  acid.  Sodium  stannate  may 
be  prepared  by  fusing  stannic  oxide  with  caustic  soda  ;  it  is  used 
in  dyeing  operations  as  a  mordant. 
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Metastannic  acid,  5(H2Sn03)  ?  is  very  probably  a  polymer 
of  stannic  acid.  It  is  formed,  as  already  mentioned,  when  tin  is 
dissolved  in  nitric  acid,  also  by  boiling  stannic  acid  with  dilute 
hydrochloric  acid,  whilst,  on  the  other  hand,  metastannic  acid  is 
converted  into  stannic  acid  by  the  action  of  alkalies.  The 
stannates  crystallize  much  more  readily  than  the  metastannates. 
^  SulpMdes.— The  compounds  of  sulphur  with  tin  have  a 
similar  composition  to  those  of  oxygen.  Stannous  sulphide,  SnS,  is 
obtained  as  a  dark  brown  powder  when  sulphuretted  hydrogen  is 
passed  into  a  solution  of  a  stannous  salt  or  by  direct  combination 
of  tin  and  sulphur.  Stannic  sulphide,  SnSg,  is  formed  as  a  light 
yellow  powder  when  sulphuretted  hydrogen  is  passed  into  a 
solution  of  a  stannic  salt.  Unlike  stannous  sulphide,  it  dissolves 
readily  in  alkaline  liydrosulphides  forming  thiostannates,  RgSnSg, 
and  these  on  treatment  with  mineral  acids  undergo  decomposition 
with  the  precipitation  of  stannic  sulphide.  Prepared  in  the  dry 
way  by  heating  a  mixture  of  finely  divided  tin  with  sulphur  and 
ammonium  chloride,  stannic  sulphide  is  obtained  in  golden 
spangles,  known  as  "mosaic  gold." 

Stannous  chloride,  SnClj,  is  obtained  by  heating  tin  in 
gaseous  hydrochloric  acid  or  by  driving  oS.  the  water  from  "  tin 
salts,"  SaClg.SIIgO,  a  preparation  largely  used  as  a  reducing 
agent  for  indigo,  and  made  by  dissolving  tin  in  hydrochloric 
acid. 

Stannic  chloride,  SnCl^,  is  a  heavy  colourless  liquid  which 
fumes  strongly  in  air,  formed  by  heating  tin  in  chlorine  or  with 
excess  of  mercuric  chloride.  In  conjunction  with  small  quantities 
of  water  it  forma  crystalline  hydrates,  and  when  added  to  a 
solution  of  ammonium  chloride,  colourless  octahedra  separate  out, 
of  the  composition  AmgSnOlg  analogous  to  AmgPtClg.  Brom- 
ides and  iodides  of  tin  corresponding  to  the  chlorides  have  also 
been  prepared ;  the  tetrajliwride,  SnF^,  forms  a  well-defined 
double  salt  with  potassium  fluoride,  having  the  composition 
2KF.SnF4  isomorphous  with  the  double  fluorides  of  the  other 
elements  in  this  group. 

Detection  and  estimation. — The  compounds  of  tin  yield 
bends  of  the  metal  when  heated  on  charcoal  in  the  reducing  flame; 
the  metal  may  be  recognized  by  its  malleability  and  by  leaving 
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the  insoluble  oxide  when  treated  with  nitric  acid.  If  a 
trace  of  a  copper  salt  be  introduced  into  a  borax  bead  so  as  to 
give  it  the  faintest  blue  tinge  and  this  be  heated  in  presence 
of  tin  or  its  salts  it  will  assume  a  ruby  red  colour.  Tin  is  usually 
estimated  as  stannic  oxide,  obtained  by  boiling  to  dryness  with 
nitric  acid. 

LEAD. 

Occurrence.— The  chief  ore  from  which  lead  is  extracted  is 
galena,  PbS.  It  is  very  widely  distributed  and  is  worked  in 
various  parts  of  tlie  United  Kingdom,  especially  in  the  northern 
and  south-western  counties  of  England,  iu  Flintshire,  and  in  the 
Leadhills,  Scotland.  On  the  Continent,  lead  is  extracted  in  the 
Harz,  in  Carinthia,  Spain,  Belgium  and  other  localities  ;  in  parts  of 
America,  Australia,  and  Africa  there  are  also  considerable  deposits 
of  lead  ores.  The  less  common  ores  are  cerussite,  PbCOg, 
pyromorphite,  .SPb3(P04)2.PbCl2,  and  anglesite,  PbS04. 

Metal.— In  treating  of  the  metallurgy  of  lead  we  shall  deal 
with  the  methods  employed  in  its  extraction  from  galena  as  the 
chief  source  of  the  metal.  For  the  richer  ores  the  first  part  of  the 
process  is  carried  on  in  a  reverberatory  furnace  at  a  moderate 
temperature  whereby  part  of  the  galena  is  converted  into  oxide 
and  sulphate — 

(1)  2  PbS  +  3  O2  =  2  PbO  +  SO2 

(2)  PbS  +  2  O2  =  PbSOi 

The  temperature  is  then  raised  and  the  remaining  sulphide  reacts 
by  double  decomposition  with  the  oxide  and  sulphate  formed  in 
the  first  stage — 

(3)  PbS  +  2  PbO  =  3  Pb  +  SOj 

(4)  PbS  +  PbS04  =  2  Pb  +  2  SO2 

With  the  exception  of  about  10  per  cent,  which  remains  in  the 
"slags"  the  lead  is  thus  obtained  in  the  metallic  condition. 
After  running  off  the  lead,  the  residue  in  the  slags  is  extracted  by 
adding  lime  and  a  little  coal  and  submitting  the  mixture  to 
further  heating. 

The  poorer  ores  are  usually  treated  in  a  small  blast  furnace  or 
cupola,  and  this  method  may  be  employed  for  the  working  of 
slags.    In  this  case  iron  or  ferrous  silicate  is  the  active  agent  in 
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the  removal  of  sulphur,  and  the  lead  obtained  contains  consider- 
able  quantities  of  silver,  copper,  antimony,  and  other  metals, 
buch  a  process  is  in  use  in  Germany  at  Claustlial  and  Freiberg. 

For  the  working  of  richer  ores  a  reverberatory  furnace  of  the 
type  known  as  the  Flintshire  furnace.  Fig.  37,  is  employed.  The 
essential  elements  in  the  construction  of  such  a  furnace  are,  as 
shown  in  the  figure — 

(A)  the  hopper  at  which  the  charge  is  introduced. 

(B)  the  fire-place  at  one  end  and  separated  from  the  hearth 
by  a  rather  high  fire-bridge. 


(C)  the  hearth  formed  by  moulding  slag  into  the  form  shown, 
the  depression  serving  for  the  collection  of  the  molten  lead  and 
the  slopes  of  tlie  hearth  for  spreading  the  charge  so  as  to  expose 
it  to  the  action  of  the  fire  gases  and  for  working  the  slags. 

(D)  the  doors  for  regulating  the  supply  of  air  and  working 
the  charge. 

The  first  part  of  the  process  is  carried  out  at  dull  red 
lieat,  and  is  essentially  one  of  calcination  and  oxidation  during 
which  reactions  (1)  and  (2)  take  place.  The  doors  are  then 
closed  and  the  temperature  raised  to  a  full  red  heat,  when 
reactions  (3)  and  (4)  are  efi'ected. 
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Another  form  of  furnace,  known  as  the  "  Scotch  hearth," 
hirgely  used  in  tl)e  nortli  of  England,  differs  essentially  from  the 
above  in  that  the  hearth  is  shallow  and  that  a  blast  is  provided. 
The  success  of  the  process  depends  on  the  proper  admixture  of 
the  fresh  ore  with  that  which  has  undergone  oxidation  and  in 
the  regu'.ation  of  the  supply  of  air  and  fuel.  The  changes  con- 
sist partly  in  those  described  above,  viz.  the  oxidation  of  part 
of  the  ore  and  the  double  decomposition  which  takes  place 
between  tliis  and  the  fresh  ore,  and  partly  in  reduction  by  the 


Fro.  38, 


fuel  added.  Figure  38  shows  in  section  the  form  of  hearth  in 
use  in  Scotland  and  the  north  of  England,  the  essential  parts 
being — 

(A)  the  hearth,  about  4  to  6  inches  deep. 

(B)  the  work-stone  provided  with  a  shallow  rim  and  a 
diagonal  groove  for  running  ofiE  the  lead, 

(C)  the  pot  for  the  reception  of  the  metal. 

(D)  the  twyer,  at  the  back  of  the  hearth,  for  providing  the 
blast. 
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Slags  are  usually  worked  up  separately  in  a  furnace  of  a 
similar  type  but  having  a  shaft  above  tlie  hearth  some  three  feet 
high  in  which  the  shags  and  fuel  are  placed  as  in  a  blast  furnace. 

The  lend  obtained  by  any  of  these  processes  frequently  contains 
sufficient  antimony  (as  well  as  tin,  copper,  non,  silver,  etc.)  to 
render  it  hard,  and  it  is  in  this  case  submitted  to  a  process  of 
softening.  The  metal  is  heated  on  the  bed  of  a  reverberatory 
furnace  until  the  antimony  (copper,  etc.)  becomes  oxidized  and 
forms  a  scum  on  the  surface.  This  is  skimmed  off  along  vnth 
litharge  which  collects  with  it  and  the  process  continued  until 
the  lead  shows  I  he  proper  degree  of  softness. 

Desilverizing  lead.  Lead  frequently  contains  silver  in 
sufficient  quantity  to  make  it  worth  recovering.  This  is  done 
by  eitlier  the  Pattinson,  the  Eozan,  or  the  Parkes  process. 

The  Pattinson  process  depends  on  the  fact  that  pure  lead 
solidifies  at  a  somewhat  higher  temperature  than  an  alloy  of 
silver  and  lead.  By  melting  the  lead  and  then  by  sprinkling 
water  upon  it  to  bring  down  its  temperature  just  to  the  solidifying 
point,  the  purer  lead  crystallizes  out  first,  and  if  this  be  removed 
by  a  perforated  ladle,  the  liquid  remaining  is  richer  in  silver.  By 
repeating  the  treatment  the  silver  accumulates,  until  a  ton  of  the 
lead  contains  as  much  as  600  to  700  ounces  of  silver,  after  which 
the  silver  is  best  separated  by  cupellation. 

The  Rozan  process  is  similar  in  principle,  but  the  proper 
temperature  is  attained  by  the  use  of  high-pressure  steam  and 
cooling  by  water.  Much  larger  quantities  can  be  acted  upon  at 
one  time,  and  there  is  the  further  advantage  that  the  extreme 
agitation  and  contact  with  air  promote  the  removal  of  antimony 
and  other  impurities  at  the  same  time. 

In  the  Parkes  process,  zinc  is  added  to  the  metal  in  suitable 
proportions,  an  alloy  of  lead,  zinc,  and  silver  in  tliis  case  solidify- 
ing whilst  the  lead  free  from  silver  remains  molten. 

Cupellation. — For  obtaining  the  silver  free  from  lead,  the 
metal  is  heated  in  an  oxidizing  atmosphere  on  a  cupel,  i.  e.  in  a 
special  furnace,  the  bed  of  which  is  made  of  bone-ash  impreg- 
nated with  pearl-ash.  The  lead  is  oxidized  to  litharge,  whicli 
collects  at  the  surface  of  the  charge  and  is  blown  off  or  to  some 
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extent  absorbed  by  the  bed  of  the  furnace,  carrying  with  it  the 
impurities  and  leaving  molten  silver. 

Properties  of  the  metal.— Lead  is  a  soft  bluish-grey  metal 
with  a  bright  lustre  at  a  freshly  cut  surface.  It  tarnishes  in  air  and 
is  also  superficially  acted  upon  by  water,  especially  in  presence  of 
carbon  dioxide  or  in  water  containing  certain  salts  in  solution. 
It  is  very  malleable  but  possesses  very  little  tenacity. 

Alloys;— Lead  is  an  essential  constituent  of  several  common 
alloys.  Solder  is  an  alloy  of  lead  and  tin,  the  proportions  of  the 
metals  used  varying  between  the  limits,  2  parts  of  tin  to  1  part 
of  lead  and  2  parts  of  lead  to  1  of  tin  ;  peioter  is  an  alloy 
of  1  part  of  lead  to  4  of  tin;  type  metal  is  composed  of 
4  parts  of  lead  to  1  of  antimony ;  and  an  alloy  of  these 
metals  with  the  antimony  predominating  is  used  in  the  con- 
struction of  appliances  where  resistance  to  the  action  of  strong 
acids  is  called  for. 

Oxides  and  hydroxides.  Lead  monoxide,  PbO,  called  also 
massicot  and  litharge,  is  obtained  when  metallic  lead  is  oxidized 
at  high  temperatures,  the  massicot  being  a  dull  yellow  powder 
and  the  litharge  (obtained  in  the  cupellation  process)  a  flaky 
mass,  varying  in  colour  from  pale  yellow  to  reddish.  When  a 
solution  of  lead  oxide  in  caustic  potash  is  allowed  to  cool  slowly, 
a  yellow  oxide,  crystallizing  in  the  rhombic  system,  separates 
out,  wliilst  if  the  cooling  be  still  more  gradual,  reddish  tetragonal 
crystals  are  formed ;  lead  monoxide  is  therefore  dimorphous. 
The  oxide  is  used  in  the  production  of  flint  glass  and  as  a  glaze 
for  pottery.  When  ammonia  is  added  to  solutions  of  the  salts  of 
lead,  the  hydroxide,  Pb(0H)2,  is  precipitated.  This  hydroxide  is 
somewhat  soluble  in  water  with  an  alkaline  reaction,  and,  like  the 
caustic  alkalies,  it  absorbs  carbon  dioxide. 

Red  Lead  or  Minium,  Pt»304,  is  prepared  by  the  oxidation  of 
massicot,  a  moderate  temperature  and  free  contact  with  air  being 
essential  to  its  production.  When  red  lead  is  strongly  heated,  it 
becomes  darker  in  colour,  and  ultimately  gives  up  a  part  of  its 
oxygen  forming  the  monoxide.  When  treated  with  dilute  nitric 
acid,  a  brown  powder,  the  lead  dioxide,  PbOg,  is  left  as  a  residue. 
This  has  led  to  the  view  that  red  lead  should  be  regarded  as  a 
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compound  of  the  monoxide  and  the  dioxide  (PbO)2Pb02.  The 
action  of  nitric  acid  is  then — 

(PbO)2Pb02  +  4  HNO3  =  2  Pb(N03)2  +  PbO^  +  2  H^O. 
Similarly  the  sesquioxide,  Th^O^,  may  be  regarded  as  PbO.PbOg, 
and  this  likewise  yields  the  dioxide  on  treatment  with  dilute 
nitric  acid. 

Lead  dioxide  or  peroxide,  PbOg,  is  a  brown  powder  obtained 
as  already  described,  or  by  the  action  of  chlorine  on  the  oxide 
suspended  in  water,  or  on  a  solution  of  a  lead  salt  in  presence  of 
free  alkali — 

PbO  +  NaOCl  =  NaCl  +  PbOg. 
When  strongly  heated  it  gives  off  oxygen,  and  passes  ultimately 
into  the  monoxide.  It  combines  directly  with  sulphur  dioxide, 
forming  lead  sulphate  with  such  energy  that  the  product  becomes 
red  hot.  If  lead  dioxide  be  fused  with  caustic  potash,  direct 
combination  takes  place  with  the  formation  of  potassium  plumbate 

K^PbOg. 

Lead  sulphide,  PbS,  is  obtained  by  direct  union  of  the  ele- 
ments, or  by  the  action  of  sulphuretted  hydrogen  on  solutions  of 
lead  salts.  By  the  action  of  nitric  acid,  or  even  by  exposure  of 
the  moist  sulphide  to  air  at  the  ordinary  temperature,  it  becomes 
oxidized  to  lead  sulphate,  PbS04. 

Lead  chloride,  PbClg,  is  the  white  precipitate  formed  when 
hydrochloric  acid  or  a  soluble  chloride  is  added  to  a  solution  of  a 
salt  of  lead.  It  is  slightly  soluble  in  cold  water,  but  much  more 
freely  in  hot  water,  from  which  on  cooling  the  chloride  separates 
in  glittering  plates.  Several  basic  chlorides  are  formed  either  by 
the  addition  of  ammonia  or  lime  water  to  solutions  of  lead  chlor- 
ide, or  by  fusing  oxide  of  lead  with  the  chloride.  One  of  these, 
Pb(OH)Cl,  known  as  Pattinson's  white,  is  used  as  a  pigment,  and 
is  obtained  by  boiling  milk  of  lime  with  chloride  of  lead. 

The  tetrachloride,  PbCl4,  is  a  very  unstable  body  obtained 
by  the  action  of  chlorine  on  the  dichloride  suspended  in  hydro- 
chloric acid.  With  ammonium  chloride  it  forms  a  double  salt  of 
the  composition  2AmCl.PbCl4. 

The  bromide,  PbBrg,  and  iodide,  Pbig,  are,  like  the  chloride, 
obtained  by  acting  on  the  salts  of  lead  with  the  respective  acids 
or  their  soluble  salts.    They  also  resemble  the  chloride  in  being 
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much  more  soluble  in  hot  water  than  cold,  and  in  forming 
basic  salts. 

Lead  sulphate,  PbSO^,  is  one  of  the  most  insoluble  ot  the 
lead  salts  ;  it  dissolves  readily  in  caustic  alkalies,  and  shghtly  m 
moderately  concentrated  sulphuric  acid,  separating  out  agam 
when  the  acid  is  largely  diluted. 

Lead  nitrate,  PbCNOg)^,  is  obtained  in  white  crystals  by  dis- 
solving the  metal  or  its  oxide  or  carbonate  in  dilute  nitnc  acid, 
and  concentrating  the  solution  until  on  cooling  it  crystallizes. 

Lead  carbonate,  PbCOg,  or  basic  carbonates  of  variable  com- 
position, are  precipitated  when  sodium  carbonate  is  added  to  a 
solution  of  lead  nitrate.  The  basic  carbonate  known  as  "  white 
lead"  is  of  great  importance  in  consequence  of  its  application  as 
a  white  pigment.  If  a  solution  of  lead  acetate  (sugar  of  lead)  be 
boiled  with  lead  oxide  and  then  filtered,  a  basic  acetate  is  ob- 
tained, and  on  passing  carbon  dioxide  through  the  solution  a 
white  precipitate  of  this  basic  carbonate,  essentially  (PbC03)2 
Pb(0H)2,  is  deposited. 

Prepared  in  this  way,  however,  the  pigment  is  denser  and  does 
not  possess  the  same  covering  power  as  that  formed  more  gra- 
dually by  the  Dutch  process.  In  this  process  coils  of  sheet  lead 
are  placed  in  conical  vessels  (Fig.  39)  resting  on  a 
ledge,  the  bottom  of  the  vessel  containing  weak 
acetic  acid.  These  vessels  are  about  8  inches  high, 
and  a  large  number  of  them  are  then  stacked  together 
in  layers,  each  layer  being  covered  with  tan  or 
other  fermenting  vegetable  matter.  The  stacks  are 
very  large,  say  15  ft.  square  by  20  ft,  high,  and  the 
^  heat  generated  by  the  fermentation  gradually  vola- 

FiQ.  39.  tilizes  the  acetic  acid  and  brings  it  into  contact  with 
the  lead,  and  at  the  same  time  the  carbon  dioxide  formed 
during  the  fermentation  reacts  with  the  basic  acetate  yielding 
the  basic  lead  carbonate.  The  acetic  acid  is  then  free  to  act  on 
a  further  portion  of  lead,  and  the  process  repeats  itself  until 
practically  the  whole  of  the  lead  is  transformed  into  the  "  white 
lead." 

Petection  and  estimation. — Lead  compounds  when  reduced 
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on  charcoal  yield  white  malleable  globules  of  lead.  Solutions  of 
lead  salts  are  precipitated  by  sulphuretted  hydrogen,  the  dark 
brown  sulphide  being  insoluble  in  dilute  hydrochloric  acid.  Sul- 
phuric acid  or  soluble  sulphates  precipitate  the  sulphate  of  lead 
as  a  white  powder  almost  insoluble  in  acids.  Hydrochloric  acid 
or  soluble  chlorides  precipitate  the  lead  as  chloride,  and  this  may 
be  recognized  by  the  fact  of  its  being  so  much  more  freely  soluble 
in  hot  water  than  cold.  Potassium  iodide  gives  a  yellow  preci- 
pitate of  the  iodide  of  lead,  likewise  much  more  soluble  in  hot 
water  than  cold.  Lead  is  usually  estimated  in  the  form  of  lead 
sulphate.  Traces  of  lead  in  drinking  water  may  be  estimated  by 
observing  the  depth  of  the  brown  tint  which  is  produced  when 
sulphuretted  hydi-ogen  is  passed  through  the  sample  previously 
acidulated  with  acetic  acid. 


CHAPTER  XVn. 


ARSENIC  GROUP. 
As,  Sb,  Bi. 

General  characters. — 

The  elements  phosphorus,  arsenic,  antimony,  and  bismnth  con- 
stitute a  chemical  family  in  which  the  gradation  from  nOn-metallic 
character  in  phosphorus  and  its  compounds  to  the  metallic 
character  in  bismuth  and  its  compounds  is  well  illustrated. 

An  examination  of  the  group  shows : — 

(1)  That  the  element  phosphorus  in  its  volatility,  its  electro- 
negative character,  its  viti-eous  nature  and  lustre  is  to  be  regarded 
as  a  typical  non-metal,  whilst  bismuth,  though  essentially  pre- 
senting the  lustre  and  general  characteristics  of  a  metal,  yet  fails 
to  possess  the  malleability  and  ductility  characteristic  of  the  more 
typical  metals.  Arsenic  is  more  nearly  identified  in  properties 
with  phosphorus,  and  antimony  with  bismuth. 

(2)  The  most  important  oxides  have  the  general  composition 
RaOs  and  R3O5.  In  chemical  character  and  stability  these  also 
show  a  gradation  according  to  the  order  of  the  atomic  weights. 
The  oxides  P3O3  and  P2O5  show  great  stability  and  are  both 
possessed  of  distinctly  acid  properties,  and  form  with  water  well 
defined  acids,  and  with  bases  stable  salts,  e.g., 


Oxides. 

Acids. 

Salts. 

P2O3 

3  H2O  .  P2O3  or 

H3PO3 

MH2PO3,  MsHPOs* 

H3O  .  PaOs  or 

HPO3 

MPO3 

2  H3O.P2O5  or 

H4P2O7 

M2H2P2O7,  M4P2O7 

3  H3O.P2O6  or 

H3PO4 

MH2P04,M2HP04,M3P04 

•  Only  two  of  the  three  hydrogen  atoms  are  replaceable  by  bases. 
Very  similar  are  derivatives  of  the  corresponding  oxides  of 
arsenic  and  antimony,  though  the  solubility  of  the  oxides  in  water 
and  the  stability  of  the  acids  and  salts  is  much  smaller  than  in 
the  case  of  phosphorus. 
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In  the  case  of  bismuth,  the  oxide  BijOs  plays  the  part  ol:  a 
feeble  base  and  combines  as  such  with  acids  forming  salts,  such 
as  Bi(N03)3  Bij(S04)3,  etc.  These,  however,  are  not  very  stable 
and  are  readily  decomposed  by  water  or  by  the  action  of  heat. 
The  oxide  BijOs,  or  rather  the  acid,  HBiOs  derived  fi-om  it,  has 
been  prepared  but  is  very  unstable,  and  no  salts  are  known. 

(3)  The  tendency  to  form  compounds  with  hydrogen  diminishes 
in  passing  from  the  lower  to  the  higher  atomic  weight  ;  the 
trihydride  of  antimony  has  indeed  not  been  obtained  pure,  and 
no  hydride  of  bismuth  is  known.  The  whole  of  the  members  of 
the  group,  however,  form  trimethides  R(CH3)3. 

(4)  Trichlorides  are  likewise  known  in  the  case  of  each  of  tlje 
elements,  and  pentachlorides  only  for  antimony  and  bismuth. 
The  chlorides  show  no  great  stability,  and  under  the  action  of 
water  they  are  transformed  into  oxychlorides,  and  by  continued 
action  the  Avhole  of  the  chlorine  may  usually  be  removed.  The 
following  equations  wOl  afCord  illustrations  of  such  reactions. 

PCI3  by  heating  in  oxygen       =  POCI3 
„    by  the  action  of  water      =  H3PO3  +  3  HCl 

(phosphorous  acid) 

PCI5       „  „      moisture  =  POCI3  +  2  HCl 

„    excess  of  water     =  H3PO4  +  5  HCl 
ASCI3      „  „        „         =AsOCl  +  2HCl. 

SbCls  by  the  action  of  water  forms  SbOCl  and  other  more 
complex  oxychlorides  ;  by  prolonged  action  the  whole  of  the 
chlorine  may  be  removed  (as  HCl)  and  the  oxide  SbjOs  left  as  a 
residue. 

SbCla  by  adding  ice-cold  water  =  SbOCla  +  2  HCl 
By  continued  digestion  with  warm  water  this  oxycliloride  passes 
into  pyroantimonic  acid  (HiSbjO?)  and  ultimately  into  metanti- 
monic  acid  (HSb03). 

BiCls  by  the  action  of  water  =  BiOCl  +  2  HCl. 

ARSENIC. 

Occurrence. — Arsenic  sometimes  occurs  native.  More  usually 
it  is  found  as  trioxide  (arsenolite)  or  as  sulphide  (orpiment  and 
realgar),  or  in  combination  with  ii-on,  cobalt  and  other  metals. 
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as  arsenide  (e.g.  FeAsa),  or  as  sulpharsenide  (e.g.  mispickel, 
FeSAs),  or  as  arsenates. 

Metal.— By  heating  the  oxide  or  sulphide  in  contact  with 
carbon,  or  in  many  cases  (e.  g.  arsenides)  by  heating  the  mineral  in 
absence  of  oxygen,  arsenic  sublimes  and  condenses  as  a  steel-grey 
powder,  the  vapour  having  a  garlic  odour  ;  like  antimony  and 
bismuth  it  crystallizes  in  rhombohedra,  whilst  most  metals  assume 
some  form  of  the  regular  system.  Like  phosphorus,  its  molecule 
in  the  state  of  vapour  is  tetratomic  ;  at  very  high  temperatures 
however  it  is  diatomic. 

The  Hydride,  AsHj.— When  solutions  of  arsenic  compounds 
are  introduced  into  a  flask  in  which  hydrogen  is  being  gener- 
ated, a  highly  poisonous  gas  is  given  off,  consisting  of  the 
trihydride  mixed  with  hydrogen.  This  gas  when  ignited  burns 
in  air  with  a  dull  lavender  flame,  forming  water  and  arsenious 
oxide — 

4  AsHg  +  6  O2  =  As^Oo  +  6  HjO. 

The  trihydride  is  not  very  stable  and  undergoes  decomposi- 
tion into  its  elements  when  heated.  If  it  be  passed  into  a  solu- 
tion of  silver  nitrate,  metallic  silver  is  precipitated  and  the 
supernatant  liquid  becomes  acid  owing  to  the  formation  of  nitric 
and  arsenious  acids — 

AsHj  +  6  AgNOg  +  3  H2O  =  6  Ag  +  6  HNO3  +  HgAsOg. 

Arsenic  trihydride  is  also  formed  when  a  metallic  arsenide  is 
dissolved  in  a  mineral  acid. 

Oxides. — There  are  two  well-defined  oxides,  the  arsenious 
oxide,  As^Og,  and  arsenic  oxide,  AsgOg. 

Arsenious  oxide  is  formed  when  arsenical  ores  are  roasted  in 
air  ;  it  sublimes  and  condenses  again  in  the  coo'er  parts  of  the 
flues  as  a  white  powder.  It  is  only  slightly  soluble  in  cold 
water,  but  more  readily  in  hot  water  or  dilute  acids  ;  in  presence 
of  caustic  alkalies,  or  when  boiled  for  some  time  with  a  solution 
of  an  alkaline  carbonate,  a/rsenites,  MgAsOg,  are  formed,  but  these 
become  readily  oxidized  to  arsenates,  M3ASO4.  Arsenious  oxide 
and  the  arsenites  are  poisonous,  though  in  very  small  quantities 
they  are  employed  in  medicine.  By  the  addition  of  an  alkaline 
arsenite  to  salts  of  copper  and  silver  the  green  arsenite  of  copper, 
CuHAsOg  (Scheele's  green),  and  the  yellow  arsenite  of  silver, 
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AgaAsOg,  are  respectively  obtained,  and  the  formation  of  these 
salts  as  precipitates  may  be  used  for  the  detection  of  arsenic. 

Arsenic  oxide  is  obtained  when  the  lower  oxide  is  heated 
with  nitric  acid  or  other  oxidizing  agents.  This  oxide  is  readily 
soluble  in  water.  Like  the  pentoxide  of  phosphorus,  it  forms 
orthoarsenic  acid,  H3ASO4,  as  above,  and  from  this  pyroarsenic 
acid,  H4AS2O7,  is  obtained  by  gently  heating  the  crystals,  whilst 
at  200°  C.  metaarsenic  acid,  HAsOj,  is  formed,  and  at  higlier 
temperatures  the  whole  of  the  water  is  driven  off,  the  anhydrous 
oxide,  AsgOg,  being  left.  Orthoarsenic  acid  is  the  best  known  of 
these  acids,  as  it  forms  a  number  of  salts  frequently  met  with, 
and  these  are  similar  in  composition  to,  and  isoraorphous  with, 
the  corresponding  phosphates.  Thus  we  have  silver  arsenate, 
Na3As04,  the  brick-red  .precipitate  obtained  on  adding  silver 
nitrate  to  a  neutral  solution  of  an  arsenate  ;  magnesium  ammon- 
ium arsenate,  MgNH4As04,  and  the  di-sodium  salt,  Na2HAs04, 
used  as  a  mordant.  The  arsenates  of  the  alkalies  are  soluble  in 
water,  others  being  dissolved  by  mineral  acids. 

As  regards  the  formulae  of  these  oxides  that  which  used  to  be 
adopted  for  arsenious  oxide  (or  "white  arsenic")  was  AS2O3. 
This  merely  expressed  the  relative  proportions  of  arsenic  and 
oxygen  as  determined  by  the  quantitative  analysis  of  the  com- 
pound and  a  reference  to  the  example  already  given  (Stannic 
chloride,  p.  39)  will  show  that  AS4O6,  AssOg,  etc.,  would  have 
served  equally  well  to  express  the  proportion.  AsjOs  was  adopted 
as  being  the  simplest  of  these  formula,  it  is  indeed  an  empirical 
formula.  The  vapour  density  of  the  compound  was  found  by 
Victor  Meyer  to  be  13.78  times  that  of  air  at  1560°  C,  correspond- 
ing very  nearly  to  394  (Hydrogen  =  1).  The  molecular  weight 
of  the  vapour  is  in  accordance  with  the  formula  AS4O0  and  this 
has  therefore  now  been  adopted  as  the  constitutional  formula  for 
the  compound. 

Accepting  arsenic  in  this  case  as  a  trivalent  element,  the  oxide 
may  be  written  in  the  graphic  notation 

^^As<g>A8^^ 
As^Ov^As 
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and  the  corresponding  arsenious  acid  H3ASO3  may  be  wiitten 

/OH 
As— OH 
\0H 

though  usually  only  two  of  the  hydroxyl  groups  are  replaceable 
by  basic  oxides,  and  so  far  as  soluble  salts  are  concerned  it  must 
be  regarded  as  a  dibasic  acid. 

Similarly,  arsenic  oxide,  As.O.,,  is  graphically  represented  by 

O^As  -  0  -  As^g 

and  orthoarsenic  acid 

0  =  As=(0H)3 

this  acid  being  a  tribasic  acid  in  which  either  one,  two  or  three  of 
the  hydroxyl  groups  may  be  replaced  by  basic  oxides  m  f ormmg 
the  arsenates  thus  : 
0  =  A.<0%.        o  =  A<(Of''>       0  =  As=.(ONa), 

The  phosphates  follow  a  similar  disposition. 

Sulphides.— The  di-sulphide  AsgSa,  and  the  trisulphide  AsgSj, 
are  found  native  as  realgar  and  orpiment  respectively  ;  tlie  peiita- 
sulphide,  ApgSgjis  obtained  by  the  action  of  sulphuretted  hydrogen 
on  a  warm  solution  of  arsenic  acid.  The  two  latter  sulphides 
when  digested  with  alkaline  sulphides  form  thioarsenites  and 
thioarsenates  respectively,  salts  which  correspond  to  the  arsenites 
and  arsenates  in  which  oxygen  is  replaced  by  sulphur,  e.g. 
potassium  meta-arsenite,  KAsOg,  and  the  thioarsenite,  KAsSg, 
ammonium  pyroarsenite,  (NH4)4As205,  and  the  thiosalt  (NH^)^ 
AsgSfi,  also  the  thioarsenates  M3ASS4,  M4AS2S7,  and  MAsSj,  corre- 
sponding to  the  ortho-  pyro-  and  mota-arsenates.  These  salts 
are  decomposed  on  the  addition  of  a  mineral  acid,  the  sulpliide 
being  deposited — 

2  NajAsS^  +  6  HCl  =  6  NaCl  +  As^S^  +  3  HgS. 
These  reactions  are  made  use  of  in  the  detection  and  separation 
of  arsenic. 

Arsenic  trichloride,  AsClg,  is  formed  by  the  direct  combin- 
ation of  arsenic  with  chlorine,  or  it  may  be  distilled  over  as  a 
colourless  oily  liquid  by  heating  a  mixture  of  the  trioxide  and 
strong  hydrochloric  acid.    In  like  manner  the  tribromide  and 
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triiodide  are  obtained  as  crystalline  solids  by  direct  union  of  ih. 
elements  though  it  is  desirable  to  modify^he  'lre 3  of  tt 
Inaction  by  dissolving  the  bromine  or  iodine  in  carbo  sulphide 

w^tl  t^f  ■  1  ""f  ^  P'P'^--^^  arsenious'acid 
with  the  matenals  used  to  generate  hydrofluoric  acid  (fluorspar 

pold  t""T'\  "^'^  ^"'"^"'^^  ^-'^l-^^  decoin- 
equltions-        '     ^""'"^  arsenious  acid   as  shown  in  the 

AsFg  +  3  HgO  =  H3A8O3  +  3  HF 
_     AsClj  +  3  H2O  =  H3ASO3  +  3  HCl. 

Detection  and  estimation. -Arsenic   and  its  compounds 
are  extremely  poisonous,  and  their  detection  even  when  pre 
sent  m  mmute  quantities  is  a  matter  of  importance.    If  organic 
matter  be  present,  this  must  first  be  decomposed  by  digestion 
with  hydrochloric  acid  and   potassium  chlorate,  any  chlorine 
bemg  completely  expelled  by  boiling.     The  arsenic  is  then 
precipitated  as  sulphide ;  this  is  dried,  mixed  with  potassium 
cyanide  and  heated  m  a  bulb  tube,  when  a  black  sublimate 
of  metallic  arsenic  is  obtained.    The  part  of  the  tube  bearing 
the  deposit  may  then  .be   cut  ofl"    and    heated  in  air  •  the 
arsenic  is  thus  transformed  into  arsenious  acid,  which  forms 
a  sublimate  of  white  octahedral  ciystals  visible  with  a  lens 
If  this  be  dissolved  in  hot  water  and  a  drop  of  nitrate  of  silver 
solution  be  added,  a  yellow  precipitate  of  silver  arsenite  is 
obtained,  or  with  ammoniacal  copper  sulphate  a  bright  green 
precipitate  of  Scheele's  green. 

The  deposit  of  arsenic  on  copper  foil  may  be  obtained  by  boU- 
mg  It  m  a  solution  containing  arsenic  in  presence  of  hydrochloric 
acid.  This  deposit  may  then  be  heated  in  air  and  treated  as 
stated  above.    This  is  known  as  Reinsch's  test. 

The  production  of  the  hydride,  ASH3,  affords  a  very  delicate 
test  for  arsenic.  An  apparatus  for  the  preparation  of  hydrogen 
is  fitted  with  a  piece  of  delivery  tube  drawn  out  to  a  jet  and 
placed  horizontally.  So  soon  as  the  air  has  been  displaced  from 
the  apparatus,  the  hydrogen  is  lighted  at  the  jet ;  the  lid  of  a 
porcelain  tube  is  held  in  the  flame,  and  if  no  black  stain  is  pro- 
duced we  are  satisfied  that  the  materials  used  for  making  the 
hydrogen  are  free  from  arsenic.    Now  pour  the  solution  to  be 
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tested  down  the  thistle  funnel ;  if  arsenic  is  present,  the  flame 
assumes  a  lavender  tint  and  forms  a  black  deposit  of  arsenic  on 
the  porcelain  lid.    This  is  Marsh's  test. 

Arsenic  may  be  estimated  either  in  the  metallic  condition,  or 
as  trisulphide. 

Antimony  compounds  under  like  circumstances  also  form  a 
black  deposit,  which  may  be  distinguished  from  arsenic  by  the 
fact  that  the  latter  is  readily  soluble. in  sodium  hypochlorite. 

ANTIMONY. 

Occurrence. — The  most  common  mineral  containing  antimony 
is  stibnite  or  grey  antimony,  SbgSg ;  the  oxide,  SbjOg,  is  also 
known.  Very  frequently,  antimony  sulphide  is  associated  with 
the  sulphides  of  silver,  copper,  and  lead,  as  thio-antimonites,  e.g. 
pyrargyrite,  AggSbSj  (analogous  to  proustite,  AggAsSg,  and  copper 
bismuth  blende,  CugBiSg). 

Metal. — This  is  obtained  from  the  sulphide  by  heating  it  in 
covered  pots  with  metallic  iron — 

SbjSg  +  3  Fe  =  3  FeS  +  2  Sb. 
The  excess  of  iron  is  removed  by  heating  with  charcoal  and 
fluxes  such  as  sodium  carbonate  and  a  further  addition  of  the 
sulphide.  The  metal  extracted  in  this  way  contains  arsenic,  iron, 
sulphur,  and  often  lead  or  copper.  It  may  be  further  purified  by 
re-melting  with  potashes,  and  then  on  solidifying  it  shows  fern- 
like markings  due  to  crystallization  and  is  known  as  "  star-metal." 
It  melts  at  about  450°  G.  and  is  volatile  at  a  white  heat ;  the 
fused  metal  expands  on  solidifying,  and  confers  this  property  on 
its  alloys,  which  are  for  this  reason  very  suitable  for  producing 
sharp  casts  of  impressions  such  as  are  required  in  stereotype 
plates.  Bismuth  possesses  the  same  property.  Antimony  with 
lead  and  tin  yields  a  number  of  useful  alloys,  the  best  known  of 
which  are  type  metal  and  Britannia  metal. 

The  Hydride,  SbHg,  is  obtained  similarly  to  the  hydride  of 
arsenic,  with  which  it  agrees  in  most  of  its  properties.  The 
hydride  is  invariably  associated  with  free  hydrogen.  When  heated 
in  a  tube  through  which  the  gas  is  passing,  the  black  deposit  of 
metallic  antimony  occurs  nearer  to  the  point  at  which  the  heat  is 
applied  than  in  the  case  of  arsenic,  owing  to  the  lesser  degree  of 
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volatility  of  the  antimony.  When  passed  through  a  solution  of 
nitrate  of  silver,  a  black  deposit  liaving  the  composition  AggSb  is 
formed. 

Oxides. — There  are  three  well-defined  oxides  of  antimony, 
antimonious  oxide,  SbjOg,  the  tetroxide,  Sb204,  and  the  pentoxide, 
SbA- 

Antimonious  oxide  is  formed  when  the  metal  is  heated  in 
contact  with  air  or  oxygen  ;  prolonged  heating  effects  further 
oxidation  to  Sb204.  Metallic  antimony  at  high  temperatures  also 
decomposes  steam,  forming  antimonious  oxide.  When  water  is 
added  to  the  trichloride  of  antimony,  the  oxychloride  SbOCl  is 
precipitated,  and  by  prolonged  digestion  this  is  transformed  into 
antimonious  oxide. 

SbClg  +  H2O  =  SbOCl  +  2  HCl. 
2  SbOCl  +  H2O  =  SbA  +  2  HCl. 
Similarly  the  pentoxide  may,  by  the  continued  action  of  water,  be 
transformed  into  SbOClg,  SbOjCl,  pyroantimonic  acid,  H4Sb207, 
and  ultimately  antimonic  acid,  HSbOj.  Antimonious  oxide  is  a 
white  powder  which  may  be  vaporized  without  decompositioj, 
the  molecular  weight  of  the  vapour  corresponding  with  the 
formula  Sb^Og.  By  digestion  with  a  solution  of  acid  tartrate  of 
potassium  the  oxide  dissolves,  and  from  the  clear  liquid,  tartar 
emetic,  G4H40g.SbO.K,  may  be  crystallized  out. 

The  tetroxide  Sb204  is  also  a  white  powder  obtained,  as  stated 
above,  by  heating  the  trioxide  in  air,  and  the  pentoxide  Sh20^  may 
be  prepared  by  treating  the  metal  or  the  other  oxides  with  nitric 
acid. 

These  oxides  give  rise  to  a  numerous  and  complex  series  of 
acids  and  salts,  the  more  important  of  which  are  the  antimonic 
acid  and  the  antimonates. 

Pyroantimonic  acid  (often  termed  metantimonic  acid), 
HiSbjOy,  is  formed  when  the  white  powder  resulting  from  the 
action  of  nitric  acid  on  the  metal  is  heated  to  100°  C,  and  anti-, 
manic  acid,  HSb03,  when  the  temperature  is  raised  to  200°  C. 
This  acid  is  also  formed  on  decomposing  an  antimonate  by  means 
of  sulphuric  acid  ; 

KSbOa  +  n2S04  =  KnS04  +  IlSbOj. 
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Potassium  antimonate,  KSb03  is  readily  prepared  a^Jng^ 
nart  of  antimony,  little  by  little,  to  4  parts  of  fiised  potassmm 

t  ate ;  on  lixi^'lting  the  product,  the  white  -d~^^^ 
is  the  a^timonate.  The  sodium  salt  is  obtained  similarly  and  on 
dissolving  antimonic  acid  in  warm  ammonia,  ammomum  antimon- 
a  e  separates  out  on  cooling.  Other  anUmonates,  being  in^^^^^^^^^ 
in  water,  may  be  prepared  from  these  by  precipitation  method  ^ 
Sodium  pyroantimonate  (metantimonate),  NagHgSbaO,  bUaU,  is 
remarkable  as  being  the  most  insoluble  of  the  sodium  salts  and  m 
this  form  sodium  may  be  precipitated  from  solutions  by  the 
addition  of  the  more  soluble  potassium  metantimonate 

The  Trisulphide,  Sh,S,,  has  been  already  mentioned  as  one  ot 
the  chief  mineral  sources  of  antimony.  It  is  obtamed  in  the 
hydrated  form,  as  a  deep  orange-coloured  precipitate,  when 
sulphuretted  hydrogen  is  passed  through  a  solution  of  the 
trichloride  or  other  antimonous  compound ;  when  lieated,  it  is 
dehydrated  and  becomes  black,  corresponding  then  to  the  grey 
mineral  sulphide,  SbgSj.  , 

The  pentasulphide,  Sb^S,,  is  formed  in  like  manner  on  precipita- 
tion of  antimony  pentachloride  (tartaric  acid  being  added  to 
prevent  precipitation  of  oxy-salts)  or  antimonic  compounds  with 
sulphuretted  hydrogen.  These  sulphides  dissolve  in  alkaline  sul- 
phides and  form  thio-salts,  e.  g.  potassium  thioantimonite,  KSbSg, 
and  sodium  thioantimonate,  Na3SbS4.9H20  ;  on  the  addition  of 
mineral  acids  the  thio-compounds  undergo  decomposition  with 
the  re-precipitation  of  the  sulphides. 

The  chlorides,  SbClj  and  SbClg,  are  formed  when  antimony 
is  acted  upon  by  dry  chlorine,  the  former,  if  the  antimony  be  in 
excess,  the  latter,  if  the  chlorine  be  in  excess.  The  pentachloride 
may  be  readily  formed  by  passing  chlorine  through  the  fused 
trichloride.  SbClg  is  also  obtained  by  the  distillation  of  an 
intimate  mixture  of  the  metal  or  the  sulphide  with  corrosive 

sublimate,  HgC^ 

As  prepared  by  the  above  methods,  the  trichloride  is  a  crystal- 
line mass.  The  trichloride  melts  at  73°  C.  and  boils  at  223°  C,  but 
it  is  also  frequently  obtained  as  a  viscous  mass  (known  as  butter 
ofantimowy)  by  dissolving  the  sulphide  in  concentrated  hydro- 
chloric acid  and  distilling  the  product.    The  pentachloride  is  n 
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heavy,  colourless,  fuming  liquid,  from  which  crystals  may  be 
obtained  by  exposure  to  a  freezing  mixture  of  ice  and  salt. 

Both  the  chlorides  are  decomposed  by  water  forming  oxy- 
chlorides,  which  are  precipitated;  prolonged  treatment  effects 
the  removal  of  the  wliole  of  the  chlorine  leaving  (in  the  case  of 
the  trichloride)  the  trioxide  S^Og,  and  (in  the  case  of  the  penta- 
chloride)  antimonic  acid,  HSbOj. 

Antimony,  like  arsenic,  also  forms  the  trifluoride,  tribromide, 
and  truodide  by  direct  union  of  the  elements.  They  are  well- 
crystallized  substances  and  by  the  action  of  the  water  form  basic 
oxy-salts. 

Detection  and  estimation.— Antimony  may  be  recognized 
(1)  by  the  formation  of  a  white  precipitate  when  its  acid  solutions 
are  diluted  with  water,  (2)  by  the  orange  sulphide,  soluble  in 
ammonium  sulphide,  (3)  by  the  production  of  the  trihydride  and 
decomposition  thereof  by  heat,  the  metallic  film  being  insoluble 
in  sodium  hypochlorite.  It  is  usually  estimated  in  the  form  of 
trisulphide,  obtained  by  the  action  of  sulphuretted  hydrogen,  and 
then  heating  in  a  stream  of  carbon  dioxide  until  its  weight  is 
constant. 

BISMUTH. 

Occurrence.— Bismuth  is  found  in  the  free  state  and  also  as 
the  oxide  Bi^O^,  bismuth  ochre,  and  more  rarely  as  the  sulphide 
BigSg,  bismuthite. 

Metal.— The  metal  melts  at  a  comparatively  low  temperature 
(268°  C),  and  in  ores  containing  it,  may  be  run  off  from  the 
gangue  with  which  it  is  associated  by  the  simple  process  of 
liquation.  If  the  sulphide  is  worked,  it  must  be  first  roasted  to 
get  rid  of  the  sulphur  and  then  heated  in  contact  with  charcoal 
and  metallic  iron,  the  bismuth  being  run  off  (as  it  remains  molten 
longer)  after  the  slag  has  solidified.  It  still  contains  small 
quantities  of  sulphur,  arsenic,  iron  cobalt  and  other  metals,  but 
on  a  repetition  of  the  liquation  process  it  is  obtained  almost  pure. 

It  is  a  greyish-white  brittle  metal  which  is  used  for  alloying 
with  lead,  tin,  and  cadmium  to  produce  "fusible  metal,"  the  melt- 
ing point  of  which  varies  according  to  its  composition  from  61°  0, 
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to  95°  C.  The  larger  part  of  the  bismuth  extracted  is,  however, 
used  for  tlie  preparation  of  its  salts  for  use  in  niedicine. 

Oxides.— The  chief  oxides  are  the  yellowish  trioxide,  BigOg, 
and  the  orange  red  pentoxide,  BigOg.  There  is  also  a  black 
dioxide,  BigOg,  obtained  on  adding  caustic  soda  in  presence  of 
stannous  chloride  to  the  solution  of  its  salts. 

The  trioxide  is  obtained  by  heating  metallic  bismuth  in  air  or 
may  be  precipitated  in  the  hyd rated  condition,  Bi203.3H20,  by 
adding  caustic  alkalies  to  a  solution  of  nitrate  of  bismuth. 

If  this  oxide  be  suspended  in  a  strong  solution  of  caustic  potash 
and  exposed  to  a  stream  of  chlorine,  it  is  transformed  into  the 
pentoxide.  This  oxide  readily  decomposes  into  the  trioxide  and 
oxygen  when  it  is  heated,  and,  in  presence  of  hydrochloric  acid, 
chlorine  is  evolved — 

BigOg  +  10  HCl  =  2  BiClg  +  2  Clg  +  6  HgO. 

Bismutli  trisulphide,  BigSg,  is  formed  either  by  fusing 
together  bismuth  and  sulphur,  or  as  a  dark  brown  precipitate 
when  sulphuretted  hydrogen  is  passed  through  a  solution  of  a 
bismuth  salt.  In  presence  of  stannous  chloride,  the  disulphide 
BijSg  is  obtained. 

The  trichloride,  BiClg,  is  a  white  substance  obtained  like  anti- 
mony tricliloride  by  the  direct  action  of  chlorine  on  bismuth  or  by 
heating  together  bismuth  and  corrosive  sublimate.  It  may  be 
easily  fused  or  even  volatilized  ;  the  vapour  on  cooling  deposits  it 
in  crystals.  If  to  the  trichloride,  or  to  a  solution  of  the  trioxide 
in  hydrochloric  acid,  water  be  added,  the  oxychloride,  BiOCl 
("  pearl-white  "),  separates  out  as  a  white  powder. 

The  trifluoride,  tribromide,  and  triiodide  are  similarly  prepared, 
and  in  presence  of  water  these  also  yield  precipitates  of  basic 
salts. 

Bismutli  nitrate,  Bi(N03)3. — Most  important  amongst  the 
bismuth  compounds  is  the  nitrate  obtained  by  dissolving 
bismuth  or  its  trioxide  in  nitric  acid,  and  the  basic  salts 
which  are  formed  from  it.  If  the  strongly  acid  solution 
of  the  nitrate  be  largely  diluted  with  water,  basic  nitrates 
are  obtained  of  composition  varying  with  the  amount  of 
water  used  or  the  temperature  or  time  during  which  the 
water  is  allowed  to  act.    Magistery  of  bismuth,  flake  white,  and 
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Spanish  white  are  examples  of  mixtures  of  such  basic  nitrates, 
the  general  nature  of  which  may  be  represented  by  the  formula! 
Bi(OH)2N03  or  BiO.NO3.OH2 ;  Bi202(OH)N03,  Bi202(N03)2.  Such 
compounds  and  those  resulting  from  action  of  water  or  heat  on 
bismuth  sulphate  afford  excellent  illustrations  of  the  composition 
of  basic  salts.  They  are  salts  in  which  part  of  the-  acid  oxide  has 
become  displaced  by  the  basic  oxide  or  hydroxide. 

Bismuth  sulphate,  812(804)3,  separates  out  in  white  crystalu 
when  bismuth  trioxide  is  dissolved  in  hot  concentrated  sulphuric 
acid  and  the  solution  is  allowed  to  cool.  By  the  action  of  water, 
the  basic  sulphate  Bi2(0H)4S04  is  precipitated. 

Bi2(S04)3  +  4  H2O  =  Bi2(0H)4S04  +  2  H2SO4, 
and  by  heating,  the  basic  sulphate,  Bi202S04  is  formed  ;  in  eithei 
case  two-thirds  of  the  acid  radical  is  thus  removed  from  the 
original  salt. 

Detection  and  estimation. — The  reactions  mostly  used  are 
(1)  the  precipitation  of  the  sulphide  in  acid  solution  by  means 
of  sulphuretted  hydrogen,  (2)  the  reduction  to  the  metal  on 
charcoal,  followed  by  solution  in  concentrated  hydrochloric  acid 
and  precipitation  of  the  oxychloride  by  addition  of  a  large 
volume  of  water,  (3)  the  formation  of  the  black  oxide  by  the 
action  of  caustic  alkalies  in  presence  of  stannous  chloride.  Bis- 
muth is  estimated  in  the  form  of  metal,  oxide,  or  oxychloride. 
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CitlYSTALLIZATION-  AND  CRYSTALLOGRAPHY. 

Crystals  and  crystallization. — Large  numbers  of  mineralB 
occurring  in  the  earth's  crust  are  found  to  crystallize  in  definite 
geometrical  forms.  Frequently  the  same  substance  crystallizes 
in  several  different  forms.  Even  a  cursory  inspection  of  these 
crystals  will  be  sufficient  to  show  that,  whilst  some  of  them 
present  resemblances  in  type,  there  are  others  of  a  widely 
different  aspect.  The  crystalline  form  or  forms  adopted  by  a 
certain  mineral  of  definite  composition  are  not  arbitrary,  but 
subject  to  unalterable  laws.  The  same  remarks  apply  to  crystals 
produced  by  artificial  means. 

Substances  in  the  form  of  powder  showing  no  geometrical 
structure  are  termed  amorphous.  Although  chemical  compounds 
more  usually  come  before  us  in  this  amorphous  condition,  they 
may  as  a  rule  be  obtained  in  crystals  by  adopting  one  or  other 
of  the  following  expedients — 

1.  The  substance  may  be  heated  until  it  fuses,  and  then 
allowed  to  cool  slowly — e.  g.  sulphur  and  many  metals. 

2.  The  substance  may  be  heated  until  it  becomes  transformed 
into  vapour,  when,  on  cooling,  the  vapour  condenses,  and  in  some 
cases  forms  crystals.  This  process  is  called  sublimation,  and 
may  be  illustrated  by  means  of  arsenious  acid  or  benzoic  acid. 

3.  The  substance  may  be  dissolved  in  water  or  other  solvent, 
and  then  on  cooling  or  by  evaporating  off  part  of  the  solvent, 
crystals  will  be  obtained. 

This  process  is  known  as  crystallization.  For  instance,  dis- 
solve as  much  potassium  nitrate  or  lead  chloride  as  possible  in 

Am.  CHEM.  g 


258  CEYSTALLIZATiON  AND  CEYSTALLOQRAPHY. 


say  25  c.c.  of  hot  water,  allow  the  solution  to  cool,  and  crystals 
will  separate  out,  because  these  bodies  are  much  more  soluble  in 
liot  water  than  cold.  In  general,  if  the  solution  be  cooled 
rapidly  and  with  agitation,  very  small  crystals  will  be  obtained  ; 
if  slowly  and  without  disturbance,  then  large  and  well-defined 
crystals  are  obtained.  If  two  or  more  salts  are  in  solution 
together  they  will  usually  crystallize  out  in  the  order  of  their 
solubility,  the  least  soluble  separating  out  first,  and  the  most 
soluble  remaining  to  a  large  extent  in  the  solution  at  the  end  (the 
so-called  "mother-liquor"). 

By  several  repetitions  of  this  process,  it  is  possible  to  separate 
substances  from  one  another  more  or  less  completely,  the  method 
being  known  as  fractional  crystallization.  An  illustration  of 
this  is  afforded  by  a  solution  containing  potassium  chlorate, 
potassium  chloride,  and  calcium  chloride.  The  first  crop  of 
crystals  will  consist  of  potassium  chlorate  containing  a  little 
potassium  chloride  ;  when  the  bulk  of  the  potassium  chlorate  has 
separated  out,  the  next  crop  of  crystals  will  be  potassium  chloride 
containing  a  little  calcium  chloride,  and  only  when  the  solution 
has  been  boiled  down  to  a  small  volume  will  the  calcium  chloride 
begin  to  crystallize  as  CaCl^.eHjO.  Instead  of  water  we  may 
employ  alcohol,  bisulphide  of  carbon,  benzene,  and  many  other 
liquids  as  solvents,  and  these  also  afford  crystals  on  evaporation, 
e.  g.  sulphur  may  be  readily  dissolved  in  bisulphide  of  carbon, 
and  the  solution  on  slow  evaporation  yields  beautiful  rhombic 
pyramids  of  sulphur. 

Crystallography— The  essential  features  of  crystals. — 
The  crystal  is  a  regular  sohd  of  definite  form,  enclosed  by  four 
or  more  faces.  Where  two  faces  meet  they  form  an  edge  which 
is  the  line  of  intersection  of  the  planes  of  the  faces.  The  angle 
between  two  such  planes  is  called  the  interfacial  angle.  These 
terms  may  be  illustrated  by  reference  to  the  figure  of  a  quartz 
crystal,  given  on  p.  259  in  plan  and  elevation. 

The  crystal  may  be  regarded  as  a  combination  of  the  hexa- 
gonal prism  and  pyramid. 

ON,  NK,  GMK,  are  three  faces  of  the  crystal. 

MN  is  an  edge  at  the  intersection  of  the  faces  ON,  NK. 

MK      „  NK,  GMK. 
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The  interfacial  angle  between  the  two  prism  faces  ON,  NK  is 
seen  by  reference  to  the  plan  where  EDO  is  the  angle  in  ques- 
tion, each  angle  of  the  prism  being  120°. 


Fio.  40.  Fia.  41. 


Now  although  it  is  not  uncommon  to  find  natural  crystals  of 
quartz  as  regular  in  form  as  the  above  diagram,  yet  in  many 
cases  variations  occur  which  give  rise  to  crystals  wearing  quite  a 
different  aspect.  These  variations  affect  the  shape  of  the  indi- 
vidual faces  and  the  contour  of  the  crystal,  but  never  modify  the 
interfacial  angles.  The  regular  hexagon,  as  shown  above,  may 
for  instance  undergo  modification  by  the  edges  AB  and  DE  being 
moved  parallel  to  themselves,  so  as  to  occupy  the  position  shown 
below  (Fig  43). 


Pio.  42.  Pio.  43. 


AB  and  DE  then  become  predominant  faces,  but  it  is  evident 
that  the  interfacial  angles  remain  unaltered.  The  form  then  as- 
sumed by  the  crystal,  in  elevation,  is  that  of  Fig.  42. 

Similarly  the  octahedron  AB  might  not  at  first  sight  be  con- 
sidered to  be  identical  with  the  figures  alongside  it.  (Figs  44 
to  46.) 
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On  measurement  of  the  angles  at  wliicli  the  faces  intersect, 
however,  a  complete  agreement  will  be  found,  and  it  will  on 
inspection  be  evident  that  the  first  variant  is  due  to  an  abnormal 
development  of  the  face  CBE,  and  the  second  to  an  abnormal 
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development  of  the  faces  CBE  and  ADF.  In  each  case,  the  face 
is  developed  parallel  to  the  plane  of  the  face  of  the  typical  octa- 
hedron, and  hence  the  interfacial  angles  are  unaffected. 

These  examples  will  suffice  to  show  the  importance  that  is  to 
be  attached  to  the  measurement  of  interfacial  angles  in  deter- 
mining crystals  ;  the  relations  of  the  axes  must  also  be  taken 
into  account  and  will  be  treated  of  in  the  description  of  the  crystal 
systems. 

The  crystal  systems. — All  known  crystals  can  be  classified 
under  one  or  other  of  six  systems  or  families.  These  systems 
differ  from  one  another  in  regard  to  the  relative  lengths  and  the 
angles  of  intersection  of  their  axes,  and,  as  a  consequence  of  this, 
in  their  symmetry  and  the  angles  of  intersection  of  the  faces. 
We  shall  first  consider  the  axes  and  describe  certain  forms  which 
illustrate  the  fact  that  there  are  typically  in  each  system  pyramid 
and  prism  forms. 

Regular  system. — In  this  system  there  are  three  equal  axes 
intersecting  at  right  angles.  If  we  draw  three  such  axes  AB, 
CD,  EP  and  join  their  extremities,  we  obtain  the  primary  pyramid 
form  of  the  regular  system  known  as  the  octahedron. 

The  cube  or  hexahedron  is  the  typical  prism  form  in  this 
system.    (Figs.  47,  48.) 

Examples  of  substances  which  crystallize  in  these  forms  are— 

Octahedron,  alum,  magnetite,  cuprite. 

Giibe,  fluorspar,  common  salt,  potassium  chloride. 
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Tetragonal  system. — Three  axes  AB,  CD,  EF  intersecting 
one  another  at  right  angles  as  in  the  regular  system,  but  two  of 
them  only  are  equal,  the  third  being  either  shorter  or  longer  than 
the  other  two.  The  typical  pyramid  and  prism  forms  are  shown 
below. 

In  this  and  the  next  system  there  are  two  orders  of  these, 
the  first  in  which  the  horizontal  axes  terminate  at  the  angles,  and 
the  second  in  which  they  intersect  the  edges  at  their  middle  point. 


A  A 
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Examples.— Zircon,  potassium  hydrogen  phosphate  (KH2PO4) 
and  tinstone  show  both  prism  and  pyramid;  ferrocyanide  of 
potassium  has  the  pyramid  predominating. 
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Hexagonal  system. — Four  axes,  three  equal  and  in  the  same 
plane  intersecting  one  another  at  angles  of  60°,  and  the  fourth 
axis  greater  or  less  than  these  and  at  right  angles  to  this  plane. 
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Examples. — 

Pyramid  forms,  witherite. 
Frism  forms,  beryl,  apatite. 

Rhombic  system.— In  this  system  are  three  unequal  axes 
intersecting  one  another  at  right  angles.  Any  one  of  these  may 
be  taken  as  the  vertical  axis  and  the  other  two  are  the  lateral 
axes,  the  longer  of  these  being  termed  the  macro-axis  and  the 
shorter,  the  brachy-axis.  As  in  the  other  systems  there  are 
pyramid  and  prism  forms.  We  meet  however  for  the  first  time 
with  a  new  class  of  faces,  the  domes  and  pinahoids.  Prism  faces 
are  developed  not  only  parallel  to  the  vertical  axis,  but  also 
parallel  to  the  lateral  axes  ;  from  their  position  they  resemble  the 
roof  of  a  house  and  are  called  domes.  If  developed  parallel  to 
the  longer  or  macro-axis  they  are  termed  macrodomes,  and  if 
parallel  to  the  shorter  or  brachy-axis,  they  are  termed  brachy- 
domes.    See  Figs.  61  and  63  below. 
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These  dome  forms,  it  will  be  observed,  are  parallel  to  one  of  the 
lateral  axes  and  intersect  the  other  two  axes.  The  pinakoid  faces 
on  the  other  hand,  intersect  one  of  the  lateral  axes  and  are  parallel 
to  the  other  two  axes,  being  known  as  macropinakoid,  if  they 
intersect  the  macro-axis,  and  hrachypinakoid,  if  they  intersect  the 
brachy-axis.  The  pinakoid  forms  (Figs.  62  and  64)  are  thin 
tabular  crystals. 

Examples. — 

Pyramid  forms.  Sulphur. 

Pyramid  and  prism.    Zinc  sulphate,  stibnite. 

The  dome  forms  are  well  showii  in  aragonite,  potassium 
sulphate,  heavy  spar,  magnesium  ammonium  phosphate,  and 
many  other  substances. 

The  pinakoid  forms  are  shown  in  anhydrite. 

The  monosymmetric  or  monoclinic  system. —Three  axes 
all  of  different  lengths,  two  of  the  axes  (one  of  these  called  the 
Uinodiagonal)  intersect  one  another  at  an  oblique  angle,  whilst 
the  third  (called  the  orthodiagonal)  axis  is  at  right  angles  to  the 
plane  containing  the  other  two.  In  this  system  there  are  pyramid 
and  prism  forms  and  also  pinakoid  forms  and  domes.  These  are 
termed  orthodomes  or  klinodomes  according  to  the  diagonal  along 
which  they  are  developed. 

Examples. — Ferrous  sulphate,  sodium  carbonate  (^vith  10 
HgO),  borax,  gypsum,  orthoclase,  cane  sugar,  and  oxalic  acid. 

The  asymmetric  or  tricUnic  system.— Three  axes  all  un- 
equal and  intersecting  one  another  obliquely.  One  of  the  axes 
being  selected  as  the  vertical  axis,  the  other  two  are  termed  the 
macro-  and  brachy-axes  respectively  according  to  their  relative 
length.  The  primary  pyramid  and  prism  forms  are  deduced  as  in 
the  two  previous  systems  and  distinguished  according  to  the  axes 
with  which  they  are  associated  by  the  prefixes  macro  and  brachy. 

Examples. — Copper  sulphate,  potassium  bichromate,  albite, 
and  grape  sugar. 

Planes  of  symmetry. — Having  now  laid  down  the  relations 
of  the  systems  to  one  another  in  regard  to  their  axes,  we  shall 
consider  the  distribution  of  the  planes  of  symmetry  in  the  crystal. 

When  a  crystal  can  be  divided  into  two  similar  parts  by  inter- 
section along  a  plane  surface,  thp  substance  composing  the  crystal 
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is  evidently  symmetrically  disposed  on  either  side  of  the  surface, 
which  is  therefore  termed  a  plane  of  symmetry;  the  axis  ol  the 
crystal  in  such  a  plane  is  known  as  an  axis  of  symmetry.    In  the 
octahedron  (Fig.  47)  A  E  F  B  is  such  a  plane  of  symmetry  and  A  B 
an  axis  of  symmetry;  so  A  C  B  D  and  0  B  D  F  are  planes  of 
symmetry.    Planes  of  symmetry  also  pass  through  the  axes  and 
the  middle  of  each  of  the  edges  C  E,  E  D,  etc.    The  axes  of  sym- 
metry may  be  further  classified  according  to  the  number  of  planes 
of  symmetry  which  pass  through  them.  Through  A  B,  for  instance, 
there  pass  planes  of  symmetry  A  E  F  B,  A  C  B  D  at  right  angles  to 
one  another,  also  two  planes  bisecting  the  middle  of  the  edges  C  E 
and  E  D,  likewise  at  right  angles  to  one  another  and  at  45°  to  the 
former  planes.    Four  planes  of  synmietry  therefore  pass  through 
A  B  and  a  like  number  through  E  F  and  G  D.  A  further  examina- 
tion of  the  crystal  will  show  that  the  lines  joining 'the  middle 
points  of  the  edges  are  also  axes  of  symmetry  and  that  through 
each  of  these  two  planes  of  symmetry  pass.    The  axes  through 
which  the  greater  number  of  planes  of  symmetry  pass  (if  there 
are  more  than  two  such  planes)  are  called  principal  axes  of 
s]/mmetry  and  the  others  ordinary  axes  of  symmetry.     In  the 
regular  system  there  are  thus  three  principal  planes  of  symmetry 
and  six  ordinary  planes  of  symmetry.^  The  following  table  gives 
the  number  of  these  planes  for  each  of  the  systems. 

Principal.  Ordinary. 

Kegular  3  6 

Tetragonal  1  4 

Hexagonal  1  6 

Khombic  0  3 

Monosymmetric  0  1 

Asymmetric  0  0 

The  planes  of  cleavage  and  the  position  of  the  axes  along 
which  light,  heat,  and  electricity  are  most  readily  conducted  will 
be  found  to  fall  in  intimate  relation  with  these  axes  of  symmetry, 
and  indeed  much  light  is  thrown  on  the  physical  properties  and 
structure  of  crystals  by  considering  them  in  relation  to  the  axes 
of  symmetry. 

1  Tliese  facts  are  much  more  easily  grasped  by  actual  handling  of  crystals  or 
crystal  models  than  by  the  study  of  diagrams. 
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Further  study  of  important  crystal  forms.— The  main 
purpose  of  this  chapter  is  to  place  before  the  student  such  an  out- 
line of  crystallography  as  shall  enable  him  to  follow  the  remarks 
made  upon  isomorphism  and  to  take  an  interest  in  the  substances 
he  may  be  expected  to  meet  with.  We  must  therefore  somewhat 
extend  the  description,  especially  in  those  systems  to  which  the 
bulk  of  minerals  and  chemical  compounds  belong. 

The  regular  system.— Besides  the  octahedron  and  cube 
there  are  five  other  primary  crystal  forms  belonging  to  this  system 
The  rhombic  dodecahedron,  Fig.  65,  having,  as  its  name  implies,  12 
similar  rhombic  faces.    The  tetrakishexahedron,  Fig.  66,  with' 24 
similar  faces  each  of  the  form  of  an  isosceles  triangle.  In  general 
habit  this  crystal  has  the  appearance  of  a  cube,  on  each  face  of 
which  ai-e  the  four  faces  of  a  square  pyramid.    The  triakisoctahe- 
dron,  Fig.  67,  has  likewise  24  triangular  faces  and  bears  the 
general  habit  of  an  octahedron,  on  each  face  of  which  are  the  three 
faces  of  a  triangular  pyramid.    The  ikositetrahedron,  Fig.  68,  en- 
closed by  24  deltoid  faces.    The  hexakisoctahedron,  Fig.  69,  has 
48  faces,  each  being  of  the  form  of  a  triangle  having  three  unequal 
sides. 
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We  have  already  spoken  of  the  importance  of  the  faces  and  in- 
terfacial  angles  as  a  guide  to  the  recognition  of  a  crystal.  Notwith- 
standing the  apparently  complex  nature  of  the  above  forms  it 
will  be  found  that  an  expression  connecting  the  faces  and  the 
axes  for  one  of  the  faces,  answers  equally  for  all  the  faces,  ihe 
crystal  is  fully  described  when  an  expression  has  been  obtained 
which  gives  the  intercepts  of  any  one  face  on  the  axes  of  the 
crystal.  These  intercepts  are-a,  if  they  are  the  same  leugth  as 
the  axes  of  the  crystal ;  ma  or  na,  if  they  are  longer  than  the 
axes  ;  00  a,  if  the  plane  of  the  face  is  parallel  to  the  axis,  and 
therefore  does  not  cut  it. 

Each  face  of  the  octahedron  manifestly  meets  the  extremities 
of  the  axes  in  the  quadrant  in  which  the  face  lies.  Its  intercepts 
are  therefore  a  :  a  :  a. 

Each  face  of  the  cuhe  is  parallel  to  two  of  tlie  axes,  and  cuts 
the  other  at  the  distance  a  from  the  centre.  Its  intercepts  are 
therefore  a  :  oo  a  :  oo  a. 

Each  face  of  the  rhombic  dodecahedron  will  be  seen  to  meet 
two  of  the  axes  at  their  extremities,  and  to  lie  in  a  plane  parallel 
to  the  third.    Its  intercepts  are  therefore  a  :      a  :  co  a. 

So  the  intercepts  of  the  tetrakishexhedron  are  a  :  ma  :  co  a 
J,  triahisoctahedron       a  :     a  :  ma 

jj  ikositetrahedron     „   a  :  ma  :  ma 

J  J  hexakisoctahedron       *  •        •  ™^ 

The  values  m  and  n  are  multiples  or  fractions  made  up  of 
small  numbers,  such  as  2,  3,  f ,  i ;  and  beyond  the  variations 
which  such  differences  of  value  admit  of,  no  other  forms  than 
those  given  are  possible. 

Combination  forms. — Very  frequent,  however,  in  the  mineral 

kingdom  are  combination  forms  in  which  two  or  more  of  these 
types  occur  in  the  same  crystal.  Figs.  70  and  71  show  the 
combination  of  the  cube  and  octahedron,  the  cube  being  pre- 
dominant in  the  first,  and  the  octahedron  in  the  second. 

Fig.  72  is  a  cube  whose  edges  are  modified  by  Gombination 
with  another  form,  which,  on  investigating  the  relation  of  the 
faces  to  their  intercepts  on  the  axes,  will  give  the  expression — 
a  :  a  :  oo  a ;  that  is  the  rhombic  dodecahedron. 
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However  complex  these  forms  may  appear,  they  present  no 
difficulty  so  soon  as  the  principle  of  referring  the  faces  to  their 
intercepts  on  the  axes  is  understood. 


Pio.  70. 


Pio.  71. 


Fig.  72. 


Hemihedral  forms. — In  the  other  systems,  the  complexity 
of  typical  forms  is  not  so  great  as  it  is  in  the  regular  system  ; 
additional  types,  however,  arise  in  all  the  systems  through  the 
occurrence  of  hemihedral  crystals,  forms  in  wliich  half  the  faces 
nre  suppressed. ^  The  hemihedral  forms  of  the  regular  and 
rhombic  systems  are  so  common  that  they  cannot  be  overlooked 
even  in  this  brief  outline. 

Thus,  if  in  the  octahedron,  alternate  faces  alone  are  developed, 
we  get  a  figure  enclosed  by  four  faces  instead  of  eight,  and  called 
the  tetrahedron;  this  is  illustrated  in  Figs.  73  and  74. 


Fio.  73. 
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Examples. — Sodium  sulpho  antimonate,  boracite. 
Even  more  important  are  the  hemihedral  forms  in  the  hexagonal 
system.    Here  from  the  hexagonal  pyramid,  by  the  development 


1  In  some  instances  one-fourth  of  the  faces  are  developed,  and  in  tliia  cnsp 
we  have  what  are  known  as  tetarlohedral  crystals. 
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of  alternate  faces,  we  obtain  the  rhombohedron,  a  forin  of  very 
frequent  occurrence.  This  is  shown  in  Figs.  75,  76,  77.  ihe 
positive  and  negative  forms  of  the  rhombohedron  arise  accord- 
ing to  which  set  of  the  alternate  faces  of  the  pyramid  is  de- 
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veloped.  Also  from  the  dihexagonal  pyramid,  Fig.  78  (obtained 
by  the  combination  of  the  hexagonal  pyramids  of  the  1st  and 
2nd  order),  with  24  faces  by  the  disappearance  of  alternate  pairs 
of  faces,  the  scalenohedron,  Fig.  79,  is  produced,^  and  by  disap- 
pearance of  alternate  faces,  the  trapezohedron,  Figs.  80,  81,  as 
shown  in  the  figures  below.  These  forms  are  also  very  common 
in  the  mineral  kingdom. 
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Examples . — 

Scalenohedra,  Calcite. 
Trapezohedra,  Quartz. 

Rhombohedra,  Hematite,  calcite,   calamine,  potassium  and 
sodium  nitrates,  magnesite,  witherite,  strontianite. 

The  symbol  R  is  used  to  indicate  the  typical  rhombohedron, 

nd  where  the  solid  angle  at  its  summit  is  more  acute  (as  shown 
m  Figures  76,  77)  than  that  of  the  typical  rhombohedron  (as 
shown  in  Fig.  6,  page  21),  that  is,  the  vertical  axis  is  longer 
the  expression  used  to  indicate  this  is,  2  R,  3  R,  4  E,  etc.,  as  the 
case  may  be  ;  where  the  solid  angle  is  more  obtuse  than'that  of 
the  typical  rhombohedron,  and  the  form  is  flatter,  the  symbols 
^  R,  i  R,  J  R,  etc.,  are  used.  Moreover,  since  in  the  hexagonal 
pyramid  one  set  of  alternate  faces  or  the  other  set  may  be  pre- 
dominant, the  faces  of  the  rhombohedra  will  lie  in  different 
planes  (see  Figures  76,  77),  these  are  distinguished  as  positive  and 
negative  rhombohedra  ;  the  symbols  +  R,  -  R,  +  J  R,  or  -  3  R, 
and  the  like,  are  used  to  represent  this.  Similarly  there  are  posi- 
tive and  negative  scalenohedra  and  trapezohedra. 

Twin  crystals.— It  often  happens  that  in  crystal  masses,  two 
or  more  individual  crystals  grow  in  contact  so  that  either  is 
incomplete,  the  crystals  having  a  common  plane  (the  twinning 
plane)  at  which  they  are  in  contact.  In  such  a  case  the  directions 
of  the  principal  axes  of  the  two  crystals  are  not  in  the  same  line. 
Frequently  it  appears  as  though  an  ordinary  crystal  had  been  cut 
in  half  and  one  half  turned  through  an  angle  of  90°  or  180°  and 
then  joined  together  again  at  the  plane  of  section.  The  twinning 
plane  is  not  arbitrary  but  confined  to  well-defined  directions 
parallel  to  certain  faces  or  edges  of  the  crystal  according  to  the 
system  to  which  the  crystal  belongs.  Twin  crystals  are  char- 
acterized by  having  re-entering  angles. 

In  Fig.  82  are  shown  twin  crystals  of  octahedra,  the  twin  plane 
being  parallel  to  a  face  of  the  octahedron  ;  this  is  often  seen  in 
spinelle  and  magnetite.  Fig.  83  is  frequent  in  fluorspar  and 
shows  two  cubes,  the  twin  plane  being,  as  in  Fig.  82,  parallel  to  a 
face  of  the  octahedron.  In  Fig.  84  is  an  example  of  a  form  of 
twin  common  in  the  tetragonal  system,  and  occurring  in  tin- 
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stone  and  rutile  ;  and  in  Fig.  85  is  the  so-called  arrowhead  twin 
characteristic  of  gypsum,  the  system  being  monoclinic. 
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Fig.  85, 
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SPECTRUM  ANALYSIS. 

Sound  is  transmitted  through  the  air  by  the  transference  of 
impulses  from  particle  to  particle.  If  by  any  means  a  succession 
of  forty  such  impulses  are  set  up  in  a  second,  the  record  of  these 
will  be  carried  to  the  ear  and  produce  there  the  same  number  of 
impulses.  These  will  give  rise  to  the  sensation  of  a  very  deep 
note.  If  sometliing  approaching  forty  thousand  such  impulses 
be  originated  and  transmitted  in  a  second  of  time,  the  sensation 
produced  will  be  that  of  ati  extremely  shrill  note.  Outside  these 
limits  the  ear  fails  as  a  means  of  recording  impulses. 

We  shall  now  consider  an  order  of  vibration  much  more  rapid 
than  that  which  we  appreciate  as  sound.  If  a  platinum  wire  be 
heated!  to  about  600°  C.  it  may  be  seen  to  glow  with  a  dull  red 
heat,  just  visible  in  a  dark  room,  and  as  the  temperature  rises  the 
dull  redness  passes  to  a  brighter  red  and  ultimately,  at  about 
1500°  C,  to  a  white  heat.  These  appearances  are  due  to  the  vibra- 
tion of  the  particles  of  the  platinum.  They  are,  however,  very 
much  more  numerous  than  those  already  referred  to,  amounting 
for  dull  redness  to  some  500  billions  per  second,  and  at  white 
heat  approaching  700  biUions  per  second. 

They  differ  also  in  their  mode  of  transmission  and  reception. 
The  sensation  of  light  to  which  they  give  rise  on  the  retina  is 
carried  through  the  medium  of  the  ether,  a  substance  of  vastly 
greater  tenuity  than  the  gaseous  atmosphere.    This  medium  per- 

1  Tliis  may  conveniently  be  done  by  passing  the  current  from  two  Grove's  cells 
through  a  length  of  thin  platinum  wire. 
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vades  space  and  the  interspaces  between  the  particles  which  we 
recognize  as  matter,  whether  it  be  solid,  liquid,  or  gaseous.  The 
difference  extends  also  to  the  rapidity  of  transmission,  for  whilst 
sound  impulses  are  carried  forward  at  the  rate  of  about  1100  feet 
per  second,  the  transmission  through  the  medium  of  the  ether 
takes  place  at  the  rate  of  186,000  miles  per  second. 

Spectra  of  incandescent  solids.— White  light,  such  as  we 
observe  on  heating  solid  substances  and  such  as  we  see  in  the 
flame  of  a  candle  or  the  rays  of  the  sun,  is  set  up  by  the  vibrations 
of  immense  numbers  of  solid  particles,  and  it  may  easily  be  shown 
that  these  are  not  all  vibrating  at  the  same  rate.  This  is  proved 
in  the  following  manner.   A  prism,  A  B  0,  of  a  transparent  sub- 
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stance,  such  as  glass,  is  interposed  between  a  narrow  beam  of 
white  light,  L,  and  the  screen,  D  E,  on  which  it  is  ultimately 
received.  There  will  appear  on  D  E  a  band  of  light  (called  a 
spectrum)  showing  every  variety  of  colour  from  red  (at  E)  to 
violet  (at  V).  It  thus  appears  that  in  passing  through  the  prism 
the  light  is  refracted,  and  in  different  degrees,  the  red  to  the  least 
extent  and  the  violet  to  the  greatest  extent.  The  red  rays  are 
therefore  frequently  spoken  of  as  the  less  refrangible  rays  and  the 
violet  rays  as  the  more  refrangible.  A  solid  body  heated  to  dull 
redness  sends  out  chiefly  vibrations  of  the  red  kind,  and  if 
examined  by  the  interposition  of  a  prism,  the  band  of  light 
received  on  the  screen  will  be  shorter  and  differ  from  that  given 
by  a  body  at  white  heat  by  the  absence  of  the  blue  and  violet 
rays.  All  solid  bodies  when  heated  to  a  suificiently  high  temper- 
ature give  rise  to  white  light,  which  gives  a  continuous  spectrum 
on  the  interposition  of  a  glass  prism. 
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Spectra  of  gases  or  vapours.— If  a  small  quantity  of  a  eub- 
stance  such  as  strontium  chloride  or  cupric  chloride  be  brought 
into  the  non-luminous  flame  of  a  Bunsen  burner,  the  body  will, 
owing  to  the  high  temperature,  be  vaporized  and  the  flame 
coloured,  crimson  in  the  case  of  the  strontium  chloride  and  green 
in  the  case  of  the  cupric  chloride.  Sliould  we  now  examine  this 
light  by  means  of  a  prism,  we  shall  observe  that  it  does  not  show 
every  variety  of  colour,  nor  does  it  show  merely  the  red  or  green 
part  respectively.  It  is,  indeed,  quite  distinct  in  its  nature  from 
the  spectram  already  described,  and  consists  of  a  number  of  lines 
(images  of  the  slit  through  which  the  light  is  admitted)  whose 
positions  are  for  the  same  substance  invariable.  The  positions  of 
the  chief  lines  for  strontium  chloride  and  cupric  chloride  are  given 
in  the  following  diagram — 
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The  numbers  supply  the  scale  of  wave-length  in  terms  of  "  tenth 

metres,"  i.  e.  iq  QOO  OOQ  QQO  °^  millionths  of  a  millimetre. 

It  is  also  found  that  each  element  when  vaporized  in  the  flame 
gives  one  or  more  (often  a  large  number)  of  such  lines,  each  and 
all  characteristic  for  the  given  element,  so  that  no  two  lines 
occupy  the  same  position.  In  the  following  diagram  the  position 
and  relative  strength  of  the  lines  for  a  number  of  elements  are 
represented.    The  spectra  for  Na,  Li,  K,  Ca,  and  Tl,  are  given 
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above  as  observed  when  a  volatile  salt  is  introduced  into  the 
Bunsen  flame  ;  the  others,  when  induction  sparks  are  caused  to 
pass  between  poles  consisting  of  the  element  in  question.  The 
latter  method  is  employed  when  a  higher  temperature  than  that 
of  the  Bunsen  flame  is  required  to  effect  volatilization. 

It  is  often  possible  to  recognize  the  presence  of  a  substance  by- 
means  of  the  colour  which  it  imparts  to  the  flame,  though  when 
several  substances  are  present  together,  one  may  mask  the  other. 
Sodium  salts,  for  instance,  give  a  bright  yellow  colour  to  the 
flame  which  will  completely  mask  the  violet  tinge  given  by 
potassium  salts.  But  if  the  light  from  a  mixture  of  substances  be 
passed  through  a  prism,  the  lines  of  each  appear  in  their  proper 
place,  and  it  is  possible  to  recognize  each  and  all  of  them  by 
measuring  the  position  of  the  lines  which  are  visible. 

The  spectroscope.— Having  dealt  with  the  phenomena  which 
may  be  observed  when  light,  admitted  through  a  narrow  slit,  is 
passed  through  a  prism,  we  must  now  consider  by  what  arrange- 
ment it  will  be  possible  to  observe  the  spectra  more  conveniently 
and  measure  the  positions  of  the  lines.  The  spectroscope  is  an 
instrument  which  has  been  arranged  for  this  purpose.  It  consists 
essentially  as  figured  below  of 
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(1)  A  tube  provided  with  a  narrow  slit  by  wliich  the  light  is 
introduced,  and  termed  the  collimator  tube  (C). 

(2)  A  glass  prism  (P),  or  several  glass  prisms  arranged  in 
series,  for  giving  greater  dispersion  of  the  light. 

(3)  A  telescope  (T),  by  which  the  image  or  images  of  the  slit 
may  be  brought  into  focus  and  rendered  distinctly  visible. 

(4)  A  means  of  determining  the  relative  positions  of  the  lines 
by  reference  to  a  scale. 

This  latter  object  may  be  achieved  by  a  sca'e  of  equal  divisions 
at  S,  which  is  reflected  from  the  surface  of  the  glass  prism  along 
the  axis  of  the  telescope  so  that  its  image  appears  adjacent  to  the 
spectrum. 

The  solar  spectrum.— If  the  light  of  the  sun  be  examined  by 
means  of  the  spectroscope,  using  a  narrow  slit,  a  continuous 
spectrum  will  be  seen  crossed  by  a  large  number  of  dark  lines, 
some  well  defined  and  easily  seen,  others  extremely  thin  and  only 
visible  by  careful  focussing.  In  position,  and  in  distinctness  also, 
these  lines  correspond  in  almost  every  case  to  the  bright  lines 
already  spoken  of  as  obtained  from  one  or  other  of  the  elementary 
bodies. 

Before  inquiring  into  the  full  significance  of  the  appearances 
observed  in  the  solar  spectrum,  let  us  ask  why,  in  this  case,  dark 
and  not  bright  lines  of  light  are  obtained.  Let  us  suppose  a 
white  hot  surface  giving  out  intense  light  and  in  front  of  it  a 
layer  of  comparatively  cool  vapour,  of  say  sodium,  sufficiently 
heated  however  to  give  out  its  own  peculiar  yellow  light.  The 
amount  of  light  proceeding  from  the  sodium  vapour  is  relatively 
so  small  that  it  may  be  neglected,  and  we  shall  only  have  to 
regard  the  effect  which  the  presence  of  the  vapour  may  have  upon 
the  rays  proceeding  from  the  white  hot  surface.  Experiment 
shows  that  the  ether  waves  proceeding  from  the  white  hot  surface 
pass  readily  tlirougli  the  vapour  of  sodium,  except  the  vibrations 
whose  wave-length  corresponds  to  those  of  the  screen  of  vapour. 
These  are  in  a  large  measure  absorbed  or  quenched  in  that  screen. 
Now  wo  have  seen  that  sodium  vapour  emits  light  of  a  pure 
yellow  colour  whose  wave-length  is  approximately  5900.  If  then 
the  white  light  which  has  passed  througli  such  a  layer  of  sodium 
vapour  be  examined  in  the  spectroscope  it  will  bo  found  to  be 
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deprived  or  partially  deprived  of  the  rays  whose  wave-length  is 
5900.  At  that  part  of  the  spectrum  a  dark  space  or  line  will 
appear  corresponding  exactly  in  position  with  the  sodium  line. 
In  the  same  way  if  the  layer  of  vapour  contains  also  lithium  there 
will  be  an  absorption  at  wave-length  6700  corresponding  to  the 
position  of  the  lithium  line,  and  so  on  for  each  substance  whose 
vapour  is  present.  We  shall  under  such  circumstances  have  the 
spectrum  of  white  light  interspersed  with  dark  lines  corresponding 
to  all  the  substances  so  present,  in  the  layer  of  vapour.  In  the 
case  of  the  sun,  the  white  hot  radiating  surface  is  the  body  of  the 
sun  itself,  the  photosphere,  and  the  absorbing  layer  is  an  envelope 
or  atmosphere  of  the  cooler  vapours  emitted  from  the  body  of  the 
sun,  termed  the  chromosphere.  This  is  the  explanation,  due  to 
Kirchhoff,  of  the  existence  of  dark  lines  in  the  sun's  spectrum. 
The  following  simple  diagram  will  illustrate  these  remarks,  the 

shaded  part  being  the  section  of 
the  photosphere  and  the  dotted 
annular  portion  that  of  the  chro- 
mosphere. 

By  special  arrangements  or 
during  a  total  eclipse,  when  the 
body  of  the  sun  (the  photosphere) 
is  just  hidden  by  the  inter- 
position of  the  moon,  it  is  pos- 
sible to  examine  the  light  which 
proceeds  from  the  chromosphere 
alone,  and  under  these  circum- 
stances the  glowing  vapours 
which  exist  there  are  actually 
found  to  give  rise  to  bright  lines,  precisely  as  the  glowing  vapours 
in  the  Bunsen  flame  do.  Extended  observation  has  indeed  con- 
firmed in  every  way  the  explanation  given  by  Kirchhoff.  The 
dark  lines  therefore  in  the  sun's  spectrum  are  just  as  much  to  be 
depended  on  as  evidence  of  the  presence  of  various  elements  in 
the  sun  as  the  bright  lines  are  in  relation  to  spectra  as  seen  in  the 
laboratory.  The  absolute  coincidence  in  position  with  these 
convinces  us  of  the  existence  in  the  sun  of  a  large  number  of  the 
elements  identical  with  those  which  form  part  of  the  earth's  crust 
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The  haloid  elements,  and  also  nitrogen,  oxygen,  gold,  mercury, 
and  a  few  other  elements,  have  as  yet  given  no  sufficient  indica- 
tion of  their  presence  iu  the  sun. 

Spectra  of  the  stars,  nebulae,  and  comets.-Observations 
on  the  fixed  stars  furnish  evidence  of  a  similar  composition 
whilst  the  light  from  nebula  gives  spectra  showing  the  hnes  ot 
hydrogen,  helium,  carbon,  magnesium,  calcium,  and  iron,  and  m 
comets  the  presence  of  hydrogen  and  hydrocarbons  has  been 
recognized. 

Absorption  spectra.— There  are  many  solid  bodies  which 
show  a  characteristic  colour  by  light  reflected  from  their  surfaces, 
and  in  thin  films  or  plates  they  appear  coloured  by  transmitted 
light  Thus  gold,  when  burnished,  is  yellow  by  reflected  light, 
but  if  a  thin  film  of  gold  (gold-leaf)  be  examined  by  transmitted 
light  it  is  of  a  dull  green  colour.  Also  if  to  a  very  dilute  solution 
of  chloride  of  gold,  ferrous  sulphate  be  added,  the  liquid  will  appear 
purple  by  transmitted  light,  whilst  the  fight  reflected  from  the 
surface  of  the  fine  particles  of  gold  in  suspension  is  of  a  rich 
brown  colour. 

Solutions  of  salts  in  many  cases  appear  coloured  by  trans- 
mitted light ;  a  solution  of  sulphate  of  copper  is  blue,  one  of 
potassium  permanganate  is  a  rose-purple,  potassium  chromate  is 
yellow.  Such  phenomena  are  in  all  cases  due  to  selective 
absorption.  A  body  whose  surface  reflects  all  the  rays  indis- 
criminately appears  white  ;  the  yellow  colour  of  gold  is  due  to 
the  fact  that  most  of  the  red,  green,  blue,  and  violet  rays  are 
absorbed,  the  predominant  reflected  rays  being  yellow.  Similarly 
copper  sulphate  is  of  a  blue  colour  because  in  it  the  rays  of  other 
colours  contained  in  white  light  are  absorbed  in  the  solution  and 
only  the  blue  rays  transmitted.  This  absorption  can  easily  be 
rendered  evident  by  placing  before  the  slit  of  the  spectroscope  a 
solution  of  ammonio-sulphate  of  copper,^  when  it  will  be  seen 
that  the  less  refrangible  end  of  the  spectrum  is  cut  oif.  So,  if 
bichromate  of  potash  be  used,  the  more  refrangible  end  of  the 
spectrum  is  cut  oif,  and  by  placing  before  the  slit,  cells  containing 
each  of  these  solutions,  the  whole  of  the  light  may  be  cut  ofiF. 

1  Prejinrwl  by  adding  ammonia  to  a  solution  of  sulphate  of  copper  until  tbe 
precipitate  wliicli  first  forms  is  entirely  redissolved. 
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Of  r  1;^"        '  -  -  particular  region 

of  tl  e  spectrum,  ae  in  tl.e  case  of  the  salts  already  referred  to 
bu    n  some  cases  the  absorption  is  of  a  more  compile  a^^^^^ 

b  nd7ext:nX'""^r^°t  '''''  '  ^""^^^  "^bsor^tiou 
Dancls  extending  over  the  yellow,  green,  and  blue  region  of  the 
spectrum,  as  shown  in  the  figure  below. 


7JOO 


6^00 


Pro.  91 


As  further  ezarnples  of  absorption  spectra  we  may  quote  (1) 
t,  efTod  ?°  ""'f,  (=I'1°™P'.J'")  of  plants  L'ol.ed  in 

^afat  'roTe  tint         "™  ""'^  ^ 


Violet 


Fio.  92. 


Many  other  similar  examples  are  presented  by  dyes  and  by 
fluids  derived  from  organisms,  e.  g.  blood.  The  positions  of  these 
bands  is  just  as  definite  and  characteiistic  as  the  lines  are  for 
flame  spectra,  and  the  spectroscope  may  therefore  be  used  for  the 
purpose  of  recognizing  such  bodies  in  solution. 
^  Spectra  of  gases.-In  order  to  obtain  the  spectra  of  gases, 
mduction  sparks  are  passed  through  a  tube  of  the  gas  in  question 
partially  exhausted.  By  this  means  the  gas  becomes  incandescent, 
and  the  light  when  examined  by  the  spectroscope  shows  either  a 
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series  of  bright  bands,  or  of  lines,  whose  position  is  characteristic 
for  each  gas,  or  a  continuous  spectrum,  according  to  the  pressure 
under  which  the  gas  is  confined.  At  the  lowest  pressure  bands 
are  seen,  which  with  increasing  pressure  give  place  to  lines  and 
ultimately  to  a  continuous  band  of  light,  corresponding  with  the 
pure  spectrum.  The  character  of  the  lines  varies  also  with  the 
temperature  under  which  the  gas  or  vapour  is  observed,  and  in 
many  cases,  when  a  higher  temperature  is  employed,  new  lines 
appear  in  the  spectrum. 

These  circumstances  afford  some  means  of  judging  of  the 
conditions  which  obtain  in  the  heavenly  bodies.  For  instance, 
sodium  in  the  Bunsen  flame  gives  rise  to  one  (reahy  two,  very 
close  together)  well-defined  yellow  line,  but  at  higher  temper- 
atures, three  other  pairs  of  lines  make  theii-  appearance  ;  in  the 
sun  the  whole  of  these  lines  are  visible. 


APPENDIX  III. 
CHEMICAL  CALCULATIONS. 

I. — The  relations  between  weight  and  volume  of  gases. 

We  have  seen  (Chapter  I.)  that  the  densities  of  gases  are 
proportional  to  their  molecular  weights.  In  order  to  express  the 
weight  of  any  gas  it  is  convenient  to  remember  as  the  basis  of 
calculation  that  1  litre  of  hydrogen  at  the  standard  temperature 
(0°C.)  and  pressure  (IGOm.m.  of  mercury)  is  0"0899  grammes,  or 
that  11  "12  litres  of  hydrogen  weigh  one  gramme. 

If  then  we  desire  to  ascertain  the  weight  of  any  other  gas 
under  like  conditions,  we  commence  by  expressing  in  chemical 
symbols  the  molecule  of  the  gas  thus — 

The  molecule  of  hydrogen  is  expressed  by  H3  (2) 
of  nitrogen  by  N2  (28)  of  oxygen  by  O2  (32) 

of  chlorine  by  CI2  (71)  of  ozone  by  O3  (48) 

of  phosphorus  by  P4  (124)  of  water  vapour  by  H,0  (18) 

of  hydrochloric  acid  by  PICl  (36-5)  of  carbon  dioxide  by  CO2  (44) 
of  nitric  oxide  by  NO  (30)  of  sulphur  dioxide  by  SO2  (64) 

of  sulphurettedhydrogenbyI-l2S(34)of  ammonia  by  NH3  (17) 
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The  relative  weiglits  are,  then,  those  stated  in  parenthesis  after 
the  symbol  in  the  above  list,  as  derived  from  the  respective  atomic 
weights. 

Thus  the  weiglit  of  a  litre  of  nitrogen  is  14  times  that  of  a  litre 
of  hydrogen  or  (0-0899  x  14)  grammes  ;  a  litre  of  carbon  dioxide 
weighs  (0-0899  x  22)  grammes  ;  a  litre  of  sulphuretted  hydrogen 
weighs  (0  0899  x  17)  grammes. 

The  alternative  method  of  expressing  the  same  facts  ia  perhaps 
more  readily  applied  in  chemical  calculations,  viz.  that  11-12 
litres  of  hydrogen  weigh  1  gramme  or  22-24  litres  (usually  stated 
as  22-4)  of  hydrogen  weigh  2  grammes,  the  same  number  of 
grammes  as  that  used  for  expressing  the  molecular  weight.  In 
this  form  the  statement  is  quite  general,  that  the  molecular 
weight  being  m,  22-24  htres  of  any  gas  whatever  weigh  m 
grammes. 

22-24  litres  of  nitrogen         weigh  28  grammes. 
22-24   „     „  oxygen  „  32 

22-24    „     „  chlorine  „     71  „ 

22-24  „  „  sulphur  dioxide  „  64  „ 
22-24    „     „  ammonia  „    17  „ 

It  is  convenient  to  remember  both  forms  of  the  expression,  as 
one  or  the  other  is  more  readily  adapted  for  the  purpose  of  cal- 
culation according  to  the  terms  which  are  given.  For  instance, 
if  it  be  desired  to  calculate  the  weight  of  a  certain  volume  of 
a  gas,  the  former  expression  lends  itself  more  readily  for  the 
purpose — as  in  the  following  example — 

(1)  Required  the  weight  of  100  c.c.  of  carbon  dioxide  at  0"  C. 
and  760  m.m.  pressure — 

1000  c.c.  (1  litre)  of  hydrogen         weigh  0-0899  grammes. 
„  „        carbon  dioxide     „    1*9778  „ 

100  cubic  centimetres  of    „  „         „    0*19778  „ 

Should  the  weight  of  the  gas  be  given,  and  its  volume  is  to  be 
determined,  the  second  form  of  expression  is  more  easily  applied. 

(2)  Required  the  volume  occupied  by  0*5  gramme  of  ammonia 
at  0°  C.  and  760  m.m.  pressure — 

17  grammes  of  ammonia  occupy  22*24  litres. 
1      „  „  1-308  „ 

0-5    „  „  „      0*654  „ 


CHEMICAL  CALCULATIONS. 

It  is  useful  also  to  bear  in  mind  that  air  is  14-435  times  as 
heavy  as  hydrogen,  since  frequently  the  densities  of  vapours  as 
actually  determined  by  experiment  are  stated  in  terms  of  air  as 

"°Thus  the  density  of  sulphur  dioxide  is  found  by  experiment  to 

be  2-247,  air  being  the  unit.  .  ^      o  oi7  v 

The  density  compared  with  hydrogen  is  therefore  2  247  x 
14-435,  or  32-43,  a  value  agreeing  well  with  that  deduced  from 
the  accepted  composition  of  this  gas. 

II.— Correction  for  temperature  and  pressure. 
We  shall  first  consider  the  influence  of  variations  of  temper- 
ature on  the  volume  of  a  gas,  and  consequently  on  the  weight  of 

a  given  volume. 

We  have  seen  (Chap.  I.)  that  a  gas  at  0°  C.  expands  ot  its 
volume  for  each  increment  of  one  degree  Centigrade  in  temper- 
ature. The  more  general  form  of  expression,  viz.  that  the  volume 
of  the  gas  is  proportional  to  the  absolute  temperature  (see  p.  3), 
will  be  found  the  most  useful,  as  a  few  examples  will  show.  In 
order  to  make  the  calculation  it  is  in  the  first  place  necessary 
to  convert  the  temperaturcB  as  ordinarily  stated  into  absolute 

temperatures.  . 

(3)  A  litre  of  gas  is  measured  at  0°  C. ;  what  volume  will  it 
occupy  at  -  20°  C,  and  what  at  50°  C.  ? 

0°  C.  =  273°  absolute. 
-  20°  C.  =  263° 
+  50°  C.  =  323°  „ 

Volume  required  is  at  -  20°  C.    1  litre  x        =  ^^^'^ 

„     +  50°  C.    1  litre  X  g|  =  1183-2  c.c. 

(4)  The  volume  of  a  gas  measured  at  10°  C.  is  found  to  be 
150  c.c. ;  what  volume  would  it  occupy  at  the  standard  temper- 
ature (0°  G.)  ? 

10°  C.  =  283°  absolute. 

97^ 

Volume  required  is  at  0°  C.       150  x  ^  =  144-7  c.c. 

Zoo 

(5)  The  volume  of  a  gas  measured  at  15°  C.  is  found  to  be 
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250  c.c. ;  what  volume  would  it  occupy  at  -  15°  C.  and  at  57°  C 
respectively  ? 

15°  C.  =  288°  absolute. 

-  15°  C.  =  258°  „ 
+  57°  C.  =  330° 

Volume  required  at  -  15°  C.  =  250  x        =  224-0  c.c. 

288 

+  67°  C.  =  250  X        =  286-5  c.c. 

And  now  let  us  consider  the  effect  of  variation  in  pressure 
According  to  Boyle's  Law  (see  p.  5),  the  volume  of  a  gas  is 
mversely  proportional  to  the  pressure  to  which  it  is  subjected 
when  the  temperature  is  constant. 

(6)  A  gas  measured  at  standard  atmospheric  pressure  (760  m.m.) 
is  found  to  occupy  1-5  litres;  what  volume  will  it  occupy  at 
1,000  m.m.  and  at  100  m.m.  pressure  ? 

Required  volume  at  1,000  m,m.  is  1,500  x  =  1,140  c.c. 

„         „      „    100  m.m.  is  1,500  x   ^  =  11,400  c.c. 

(7)  The  volume  of  a  gas  at  500  m.m.  pressure  is  found  to  be 
250  c.c.  ;  what  would  it  measure  under  5  atmospheres  pressure  ? 

5  atmospheres  =  (760  x  5)  m.m.  =  3,800  m.m. 

Required  volume  at  5  atmos.  =  250  x  =  32-9  c.c. 

0,800 

Finally,  an  example  is  given  of  the  allowance  for  both 
temperature  and  pressure  in  the  same  expression. 

(8)  A  gas  occupies  190  c.c.  at  13°  G.  and  740  m.m.  pressure ; 
what  volume  would  it  occupy  at  standard  temperature  and 
pressure  (0°  C.  and  760  m.m.),  and  what  at  —  130°  0.  and  780  m.m. 
pressure  ? 

13°  C.  =  286°  absolute. 
0°  C.  =  273° 

Volume  at  0°  C.  and  760  m.m.  =  190  x        ^        =  176-6  c.c. 

286  X  7bO 

-  130°  C.  =  143  absolute. 

Volume  at  -  130°  C  and  780  m.m.  =  190  x  Itl  ^        =  90-1  c.c. 

286  X  780 
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IIL-The  relation  between  weight  and'volume  of 
liquids  and  solids. 

The  Bpecific  gravity  of  liquids  is  expressed  i°  terms  of  pure 
The  spe^Jf  S  The  following  table  shows  that  the 

rper  givity-jr;^"  varies  at  different  temperatures,  water 

^^^'^^^-^j^avity  of  water  at  0^  =  0.^^^^ 

4°  =  1-00000 
10°  =  0-99975 
15°  =  0-99916 
20°  =  0-99826 
25°  =  0-99712 

In  ascertaining  the'density  of  a  liquid  by  comparison  with 
water  it  is  more  convenient  to  make  the  determmation  at  ordmary 
temperatures,  and  hence  it  is  usual  to  adopt  the  specific  gravity 
of  water  at  15°  C.  as  the  basis  of  comparison  . ,  .    .  «  ^ 

When  we  say  that  the  specific  gravity  of  a  hquid  is  1-8  we 
mean  that  it  is  heavier  than  water  in  the  proportion  1-8  :  1 ;  it 
therefore  1  c.c.  of  water  weighs  1  gramme,  1  c.c.  of  such  a  hqmd 
will  weigh  1-8  grammes.!  The  followmg  examples  will  show 
how  specific  gravity  of  liquids  enters  into  chemical  problems. 

(9)  What  is  the  weight  of  100  c.c.  of  sulphuric  acid  of  sp.  gr. 
1-84? 

100  c.c.  of  water  weigh  100  grammes. 

„      „     sulphuric  acid  of  the  j  -^g^ 
density  given  ) 

(10)  Hydrochloric  acid  of  sp.  gr.  M12  contains  21  per  cent, 
by  weight  of  gaseous  hydrochloric  acid find  the  volume  of 
hydrochloric  acid  gas  in  10  c.c.  of  such  acid. 

By  the  method  used  in  the  previous  problem  10  c.c.  of  hydro- 
chloric acid  will  weigh  11-12  grammes. 

^^'^^  ^       =  2-3352  grammes,  the  weight  of  gaseous  hydro- 
100  ^ 
chloric  acid  contained  in  it. 

1  This  is  not  strictly  accurate,  since  the  gramme  is  the  weight  of  1  c.c.  of  water 
at  i'  C.  The  correction,  however,  is  only  made  in  case  a  very  exact  expression 
is  desired,  and  for  ordinary  purposes  it  is  omitted.  In  any  case  the  actual  weigm 
may  be  obtained  by  multiplying  the  result  by  0-D99I6. 
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36-5  grammes  of  HGl.  occupy  22-32  litres  • 
2-3352  grammes  occupy  litres: 

Ti,^     1  X-      ,   .  =  1"428  litres. 

M,:.    /r  ^^^^^^  of  solids,  like 

that  of  hquids,  la  expressed  in  terms  of  water  as  unit  Thus 
diamond  IS  3-5  times  as  heavy  as  water,  and  its  sp.  gr.  is  3-5  tl,e 
sp.  gr.  of  graphite  is  2  2,  of  mercury  13-6. 

The  weiglit  of  these  bodies  that  occupy  the  same  volume  as 
1  gramme  of  water  (that  is,  1  c.c.)  is  3-5,  2-2,  and  13-6  respectively. 

ihis  relation  is  seldom  necessary  in  chemical  calculations. 

IV.— Calculation  of  the  percentage  composition  of  a  body. 

When  the  chemical  composition  of  a  body  is  expressed  by 
symbols,  the  proportions  of  the  respective  elements  contained 
m  It  are  the  weights  of  the  elements  as  determined  from  the  table 
of  atomic  weights. 

HCl  indicates  a  compound  formed  by  the  union  of  1  part  by 
weight  of  hydrogen  with  35-5  parts  by  weight  of  chlorine. 

HgO  indicates  a  compound  formed  by  the  union  of  2  parts  by 
^  weight  of  hydrogen  with  16  parts  by  weight  of  oxygen. 

CO2  indicates  a  compound  formed  by  the  union  of  12  parts  by 
weight  of  carbon  with  32  {i.e.  2  x  16)  parts  by  weight  of 
oxygen. 

P2O5  indicates  a  compound  formed  by  the  union  of  62  (i.  e. 
2  X  31)  parts  by  weight  of  phosphorus  with  80  (i.e. 
5  X  16)  parts  by  weight  of  oxygen. 
H3PO4  indicates  a  compoun(i  formed  by  the  union  of  3  parts  by 
weight  of  hydrogen,  31  parts  by  weight  of  phosphorus, 
and  64  (i.  e.  4  x  16)  parts  by  weiglit  of  oxygen. 
36-5  parts  by  weight  of  HCl  contain  1  pt.  of  H  and  35  5  pts.  of  CI. 
18  »  „       U2O     „     2    „    Handle     „    „  0. 

4^  "  M  CO2  „  12  „  C  and  32  „  „  0. 
142         „  „       PA    „    62    „    P  and  80      „    „  0. 

98         „         „       H3r04  „     3    „     H,  31  of  P  and  64  of  0. 
The  percentage  composition  is  merely  the  statement  of  the 
relative  weights  of  each  of  the  constituents  in  100  parts  of  the 
compound. 
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Thus,  if  18  parts  by  weight  of  water  contain  2  parts  of  hydrogen 
and  16  parts  of  oxygen,  then  100  parts  of  water  will  contain— 

parts  of  H,ie.  IMl ; 

and  16  X  100  0,  i.e.  88-88  ; 

lo 

and  this  represents  the  percentage  composition  of  water. 

(11)  Find  the  percentage  composition  of  potassium  chlorate, 
KCIO3— 

K  =  391 
CI  =  35-5 
O3  =  48-0 
122-6 

Percentage  amount  of  K         ^22-6*^^  ~   31  "89 

CI  ^  35-5  X  100  ^  28-95 
"         "         ^  122-6 

0  =  3916 

^'^'^  ^  100-00 


(12)  Find  the  percentage  amount  of  water  of  crystallization  in 
FeS04.7  H2O. 

Fe  =  56 
S  =  32 
O4  =  64 
7H2O  =  126 
278 

278  parts  of  FeS04.7  HgO  contain  126  parts  of  water. 
Percentage  of  water  =  ^^^nno^^  ~  45-32. 

The  question  which  even  more  frequently  arises  in  practice  is 
the  converse  one,  the  determination  of  the  formula  of  a  substance 
from  the  results  of  analysis  of  the  substance.  We  have  seen 
already  that  the  relative  composition  by  weight  of  a  body  is 
obtained  by  taking  the  atomic  weight  of  each  constituent,  and 
where  more  than  one  atom  of  any  constituent  is  present,  then  the 
multiple  of  that  according  to  the  number  of  atoms. 
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E.g.,  for  COCI2— 

Atomic         No.  of  Product  Percentage 

weight.        atoms.  Product.  compositSn. 

C  12  1  12  12-12 

0  16  1  16  16-16 

Cla  35-5  2  71  71-72 

We  now  reverse  the  process,  and  desire  to  determine  the 
relative  number  of  atoms  of  each  element,  having  given  the 
composition  by  weight  of  a  body  as  deduced  from  its  analysis— 

S  =  23-7  per  cent. 
0  =  23-7  „ 
CI  =  52-6  „  „ 
Let  n,  n\  ti!'  be  the  number  of  atoms  of  S,  0,  and  01  respectively, 
the  atomic  weights  being  32,  16,  and  35-5,  we  have  the  relative 
weights  of  each  of  the  constituents — 

32  rt,  16  n',  and  35-5  n\ 
These  values  are  proportional  to  the  weights  as  represented  by 
the  percentage  composition,  viz. — 

23-7,  23-7,  52-6. 

Thus- 

32  n  oc  23-7  and  n  is  proportional  to  0-74. 
16  n'     oc  23-7  „   n'         „  „  1-48. 

35-5  n"  cc  52-6  „    v!'         „         „  1-48. 
The  simplest  proportion  in  whole  numbers  is — 

1:2:2, 

and  the  formula  on  this  assumption  is — 

SO2CI2. 

This,  then,  is  the  empirical  formula  as  deduced  solely  from  the 
consideration  of  the  results  of  the  analysis.  It  is  quite  consistent 
with  such  a  calculation  that  the  formula  should  be  8204014,  or 
SjOgOlg,  or  any  such  multiple.  Which  of  these  is  to  be  finally 
accepted  can  only  be  decided  after  a  determination  of  the  vapour 
density  of  the  body,  or  of  its  chemical  constitution  and  character, 
and  this  would  be  the  constitiitional  formula  of  the  body. 

To  determine  the  empirical  formula  of  a  body,  we  therefore 
divide  the  results  of  analysis  by  the  respective  atomic  weights, 
and  the  numbers  so  obtained  are  proportionai  to  the  number  of 
atoms. 
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(13)  The  percentage  composition  of  a  compound  is  found  to 
be  H  =  5-88  and  0  =  94-12 :  find  its  formula. 

In  this  case  n  and  being  in  proportion  to  the  number  of 
atoms  of  hydrogen  and  oxygen  respectively 

TiH  =  5-88,  and  H  being  1,  n  =  5-88. 
n^O  =  9412,  and  0  being  16,  =  5-88. 
The  body  therefore  consists  of  an  equal  number  of  atoms  of 
H  and  0,  and  the  simplest  formula  would  be  HO.  Chemical 
considerations,  however,  compel  us  to  accept  a  multiple  of  this, 
viz.  HgOj,  as  the  formula  of  hydrogen  peroxide,  the  substance 
whose  composition  had  been  ascertained. 

(14)  Find  the  formula  of  a  substance  having  the  composition — 

Mg  =  9-76. 
S  =  13-01. 
0  =  2601. 
Water  of  crystallization  =  51-22. 
9'76 

Mg  gives  =  0*406  as  proportional  number. 

S  „  ^  =  0-406 
0       „    2^  =  1-626 

H^O    „    ^  =  2-846 

From  these  numbers  we  deduce  as  the  simplest  wnole  numbers 
bearing  the  same  relation  to  one  another  1:1:4:7,  and  the 
simplest  formula  for  the  body  is — 

MgS04.7  H2O. 


v.— Application  to  chemical  problems. 

We  have  now  considered  the  fundamental  calculations  which 
enter  into  chemical  problems,  and  a  few  examples  will  be  given 
to  show  how  these  bear  upon  questions  involving  chemical  decom- 
position and  interchange. 

(15)  What  weight  of  caustic  soda  (NaOH)  will  be  needed  to 
just  neutralize  10  c.c.  of  dilute  sulphuric  acid  (sp.  gr.  1-155)  con- 
taining 21  per  cent,  of  H2SO4  ? 

ADV.  CHEM.  U 


290 


CHEMICAL  CALCULATIONS. 


In  all  cases  where  a  chemical  reaction  is  concerned,  involving 
considerations  of  weight  or  volume,  it  is  well  to  state  the  reaction 
in  the  form  of  an  equation  at  the  outset — 

2NaOH     +  =     Na^SO^     +     2  H^O. 

Sodium  Sulphate. 

From  this  we  see  that  2  NaOH  neutralize  H2SO4,  the  respective 
weight  relations  being — 

2  (23  +  16  +  1)  and  (2  +  32  +  64)  or  80  :  98. 

80  parts  by  weight  of  caustic  soda  serve  to  neutralize  98  parts 
by  weight  of  sulphuric  acid. 

Now  detennine  the  actual  weight  of  sulphuric  acid  that  is  to 
be  neutralized — 

10  CO.  of  the  dilute  sulphuric  acid  (sp.  gr.  1-155)  weigh  11-55  grms. 
21  percent,  of  this  is  HgSO^,  i.e.  ^^'^^qq       =  2-4255  grammes. 

Required  amount  of  caustic  soda  is — 

2-4255  X  80  ,  „o 

 ^  grammes,  or  1  -98  grammes. 

yy 

(16)  What  volume  of  oxygen  collected  at  standard  temperature 
and  pressure  (0°  and  760  m.m.)  is  given  off  on  heating  10  grammes 
of  mercuric  oxide  ? 

2  HgO  =  2  Hg  +  Og. 
First  determine  the  weight  of  oxygen  from  the  above  equation, 
which  shows  that  432  parts  of  mercuric  oxide  yield  32  parts  of 
oxygen,  or,  in  sunpler  numbers,  27  parts  yield   2  parts  of 
oxygen. 

2x10 

10  grammes  therefore  yield  — ^- — ,  or  0-74  grammes. 

Now  32  grammes  of  oxygen  occupy  at  standard  temperature 

and  pressure  22  24  litres,  and  the  volume  of  oxygen  corresponding 

to  this  weight  is — 

0-74  X  22-24      ...     ,  •       ,.  . 
— — —          =  514  cubic  centimetres. 

(17)  What  weight  of  sulphur  must  be  burnt  so  as  to  yield  1 
litre  of  sulphur  dioxide  at  standard  temperature  and  pressure? 

S  +  O2  =  SO2. 

Here  we  start  from  a  known  volume  of  gas  and  must  work  back 
to  the  weight  in  terms  of  which  the  result  is  to  be  expressed. 
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22-24  litres  of  SOg  weigh  64  giauiraes. 
64 

1  litre  of  SO2  v/eighs  or  2*867  grammes. 

Also  64  grammes  of  SOg  contain  32  grammes  of  S, 
and  2-877        „        SOg      „      1-4385     „  S. 
1-4385  gramme  of  sulphur  will  therefore  be  required  to  produce 
1  litre  of  SO2. 

Such  a  calculation  may,  however,  be  shortened  by  the  consider- 
ation that  us  32  grammes  of  sulphur,  according  to  the  equation, 
yield  64  grammes  or  22-24  litres  of  SOg, 
32 

— —  grammes  will  yield  1  litre  of  SO2. 

The  next  example  will  be  rendered  more  complex  by  intro- 
ducing conditions  of  temperature  and  pressure  diflFering  from  the 
standard.  No  further  difficulty  is  really  involved,  except  that  the 
correction  for  temperature  and  pressure  must  be  made. 

(18)  2\  litres  of  nitrous  oxide  have  been  collected  at  39°  C.  and 
741  m.m.  pressure  ;  what  weight  of  ammonium  nitrate  has  been 
decomposed  in  order  to  supply  the  gas  ? 

First  eliminate  the  irregularity  introduced  by  the  temperature 
and  pressure,  by  determining  what  volume  the  gas  would  have 
occupied  had  it  been  collected  at  standard  temperature  and 
pressure.    This  will  be — 

2  5  X  273  X  741 

 htres,  or  2-1,  3  htres. 

312  X  760 

Now  according  to  the  equation — 

NH.NOj       =       N2O       +  2H2O. 

Ammonium  Nitrate.       Nitroua  Oxide. 
80  grammes  of  ammonium  nitrate  yield  44  grammes  (or  22-24 
litres)  of  nitrous  oxide,  and  hence 
80  X  2-133 

— 22^24 —  grammes,  or  7-673  grammes,  of  ammonium 
nitrate  have  been  decomposed. 

(19)  One  gramme  of  water  is  (a)  converted  into  steam  at  100°  0., 
(6)  decomposed  by  means  of  sodium  and  the  hydrogen  collected 
•It  13°  C. ;  what  volume  will  each  occupy,  the  barometer  at  the 
time  standing  at  750  m.m,  ? 

First,  let  us  consider  the  case  of  the  steam.    This  being  water 
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vapour  has,  at  Btandard  temperature  and  pressure,  a  density  sucli 
that,  as  previously  shown, 

18  grammes  is  the  weight  of  22-24  litres. 

22"24 

Thus  1  gramme  occupies         or  1-235  litres. 

18 

At  100°  C,  and  750  m.m.  pressure  this  occupies — 
1-235  X  373  X  7G0  . 

273  X  750  -    =1-71  litres. 

Secondly,  as  to  the  hydrogen,  the  decomposition  is  represented 
by  the  equation — 

2  Na  +  2  H2O  =  2  NaOH  +  Eg ; 
from  which  we  sje  that  36  grammes  of  water  yield  2  grammes  of 
hydrogen,  and  therefore  1  gramme  of  water  yields     gramme  of 
hydrogen. 

The  volume  of  hydrogen  at  standard  temperature  and  pressure 
11-12 

is  thus  -jg—  or  0-62  litre.    Corrected  so  as  to  represent  the 

volume  at  13°  C.  and  750  m.m.  pressure  this  becomes — 
0-62  X  286  X  760  ^^.q 
273  X  750       =  ^-^^^ 

The  whole  of  the  more  important  elements  entering  into  the 
treatment  of  chemical  problems  have  now  been  discussed,  and  it 
only  remains  to  add  some  examples  in  further  illustration  of  their 
application  to  chemical  reactions. 

(20)  10  grammes  of  mercury  are  heated  with  excess  of  concen- 
trated sulphuric  acid  and  the  sulphur  dioxide  formed  is  collected 
at  15°  C.  and  765  m.m.  pressure ;  what  volume  does  it  occupy? 

Here,  as  in  most  cases,  it  is  best  to  commence  by  a  statement 
of  the  reaction  which  takes  place. 

Hg     +     2H2SO4     =     HgS04     +     2H2O     +  SO2. 

Mercuric  Sulphate. 

200  grammes  of  mercury  give  64  grammes  of  SOg, 
or  200       „  „        „    22-24  litres  of  SO2. 

10       „  „  1-112   „  „ 

at  standard  temperature  and  pressure. 

Volume  at  15°  C.  and  765  m.m.  pressure  is  then 
1-112  X  288  X  760  ^  ^.^g^  ^.^^^^ 
273  X  765 
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(21)  25  c.c.  of  marsh  gas  (GH4)  are  mixed  with  500  c.c.  of 
air  and  exploded  in  a  eudiometer ;  what  volume  of  gas  should 
there  be  (a)  before  the  removal  of  the  carbon  dioxide  formed,  {b) 
after  the  absorption  of  the  carbon  dioxide  by  means  of  caustic 
potash  ?  The  temperature  and  pressure  may  be  assumed  to  be 
the  same  when  each  of  the  readings  of  volume  were  taken. 

The  chemical  reaction  which  takes  place  is 

CH^  +  2  O2  =  CO2  +  2  H2O, 

2  vols.      4  vols.     2  vols, 
the  nitrogen  of  the  air  taking  no  part  in  the  combustion. 

It  is  further  manifest  on  inspection  that  the  2  volumes  of 
marsh  gas  and  4  volumes  of  oxygen,  before  explosion,  give  rise 
to  2  volumes  of  carbon  dioxide,  the  space  occupied  by  the  water 
being  negligible. 

Thus  6  volumes  are  reduced  to  2,  and  the  diminution  is  4 
volumes. 

But  the  marsh  gas  occupies  25  c.c,  and  is  represented  by  2 
volumes. 

The  diminution  in  volume  is  therefore  50  c.c,  and  the  525  cc. 
of  mixed  gases  originally  present  in  the  eudiometer  have  been 
reduced  to  475  c.c. 

Similarly  the  CO2  occupies  the  same  volume  as  the  marsh  gas 
from  which  it  was  obtained,  and  is  thus  25  cc,  and  if  this  be 
removed  there  will  remain  450  cc.  of  gas  in  the  eudiometer.  The 
result  is  that  the  residual  gas — 

(a)  before  removal  of  CO2  is  475  c.c. 
(6)  after        „        „     „      450  c.c. 

(22)  10  c.c.  of  Hquid  carbon  bisulphide  (sp.  gr.  2-63)  are  burnt 
in  oxygen  ;  find  the  volume  of  the  resulting  gases  measured  at 
standard  temperature  and  pressure. 

We  must  first  ascertain  the  weight  of  the  carbon  bisulphide. 
Its  sp.  gr.  being  2  63,  the  10  c.c  will  weigh  26"3  grammes. 

The  chemical  change  during  combustion  is  represented  in  the 
equation 

CS2  +  3  O2  =  CO2  +  2  SO2. 
76  grammes  of  CS2  yield  44  grammes  or  22-24  litres  COg. 

„    „  128       „       „  44-48     „  SO2. 
„        „  ,,     „    66-72  litres  of  CO2  and  SO2  together. 
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26-3  grammes  of  CS,  yield  66:ZL^6J  ^  ^g-og  ntres. 

(23)  Considering  air  as  a  mixture  of  79  per  cent,  by  volume  of 
nitrogen  with  21  per  cent,  by  volume  of  oxygen,  find  the  density  of 
nir  compared  with  liydrogen.  Also  find  the  density  of  the  vapour 
ot  carbon  bisulphide  compared  with  air. 
79  vols,  of  nitrogen  are  a^  heavy  as  79  x  14,  or  1,106  vols,  of  H 
21      „      oxygen       „       „         21  x  16,  or  336    „  „ 

"  »       »  r442 

Density  of  air  is  14-42.1  '        "  " 

Density  of  the  vapour  of  bisulphide  of  carbon  is  +  ^^or  38, 
compared  with  H. 

Compared  with  air  it  is  therefore  ■  2-635 

14-42 


Atomic  weights  to  be  used  in  the  following  calculations. 

Hydrogen,      1.  Chlorine,  35-5. 

Carbon,        12.  Potassium,  39. 

Nitrogen,      14.  Calcium,  40. 

Oxygen,       16.  Iron,  56. 

Sodium,       23.  Bromine,  80. 

Magnesium,  24.  Silver,  107-6. 

Phosphorus,  31.  Antimony,  119-6. 

Sulphur,       32.  Mercury,  200. 

Lead,  206-4. 

'  Actual  density  at  normal  composition  is  taken  as  14-43,'). 
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CHEMICAL  PROBLEMS. 

1.  The  volume  of  a  permanent  gas  at  0°  C.  is  3  litres  ;  at  what 

temperature  would  it  occupy  4  litres,  the  pressure  remaining 
unaltered  ? 

2.  Two  samples  of  gas  occupy  the  same  volume,  but  one  is  at 

-  20°  C,  and  the  other  at  20°  C. ;  what  is  their  relative 
volume  when  both  are  at  0°  C.  ? 

3.  The  volume  of  a  gas  at  13°  C.  is  100  c.c.  ;  find  its  volume  at 

-  130°  C,  at  -  13°  C,  and  at  130°  C. 

4.  A  gas  under  standard  atmospheric  pressure  measures  209  c.c. ; 

what  volume  will  it  occupy  under  a  pressure  of  iV,  ^,  2, 
and  5^  atmospheres  respectively  ? 
6.  What  volume  will  half  a  litre  of  gas  measured  at  710  m.m. 
pressure  occupy  when  subjected  to  a  pressure  of  850  m.m. 
of  mercury  ? 

6.  A  rectangular  vessel  10  cm.  long,  5  cm.  wide,  and  3-5  cm. 

deep,  is  filled  with  gas  at  100°  C.  and  770  m.m.  pressure; 
what  volume  will  the  gas  occupy  at  standard  temperatuie 
and  pressure  ? 

7.  A  sample  of  gas  is  collected  in  a  eudiometer,  and  it  is  found 

that  the  level  of  the  mercury  in  the  eudiometer  is  257  m.m. 
above  that  of  the  trough,  also  the  height  of  the  barometer 
at  tho  time  is  745  m.m.  ;  under  what  pressure  is  the  gas? 

8.  A  sample  of  gas  is  collected  at  standard  temperature  and 

pressure,  and  tho  pressure  is  then  doubled,  and  the  temper- 
ature gradually  raised  until  the  volume  of  the  gas  is  tho 
same  as  it  was  originally ;  at  what  temperature  does  this 
pccur  ? 
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9.  Under  how  many  atmospheres  pressure  will  steam  have  the 
same  density  as  water  (1  c.c.  weighs  one  gramme),  if  the 
contraction  takes  place  in  accordance  with  Boyle's  law, 
and  the  temperature  remains  at  600°  C,  ? 

10.  If  the  temperature  remains  at  zero,  at  what  pressure  will 

hydrogen  have  a  density  equal  to  0-62  of  that  of  water,  this 
being  the  density  found  by  Dewar  for  hydrogenium  ? 

11.  One  cubic  centimetre  of  bromine  (density  3-2)  is  transformed 

into  vapour  at  78°  C. ;  determine  the  volume  occupied  by 
the  vapour. 

12.  The  sp.  gr.  of  pure  nitric  acid  being  1-522,  iind  the  weight  of 

100  c.c.  of  it,  and  the  volume  that  you  must  take  to  weigh 
100  grammes. 

13.  What  volume  of  such  acid  will  be  required  to  just  neutralize 

100  grammes  of  caustic  potash  (KOH),  and  what  weight 
of  potassium  nitrate  is  formed  ? 

14.  Calculate  the  percentage  composition  of  calcium  carbonate  ; 

what  percentage  of  carbon  dioxide  does  it  contain  ? 

15.  Chlorine  forms  with  water  a  solid  hydrate,  having  the  com- 

position CI2.  10  HgO  ;  calculate  the  percentage  of  hydrogen, 
chlorine,  and  oxygen  contained  in  this  body. 
IG.  Find  the  empirical  formula  of  a  compound  consisting  of  46'66 
per  cent,  of  iron  and  53'33  per  cent,  of  sulphur. 

17.  An  oxide  of  iron  contains  72-3  per  cent,  of  iron ;  determine 

its  empirical  formula. 

18.  Determine  the  simplest  formula  for  a  salt  having  the  follow- 

ing percentage  composition — 

Sodium,  29-36. 
Phosphorus,  26-38. 
Oxygen,  44-26. 

100-00. 

19.  A  solution  of  caustic  soda  having  the  sp.  gr.  1-32  contains 

28-8  per  cent,  of  NaOH ;  what  weight  of  sulphuric  acid  is 
required  to  be  just  sufficient  to  neutralize  a  litre  of  such  a 
solution  ? 

20.  What  volume  of  sulphuretted  hydrogen  at  13°  C.  and  798 

m.m.  pressure  is  required  to  effect  the  complete  precipita- 
f.ion  of  one  gramme  of  corrosive  sublimate,  JlgCl2? 
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21.  What  weight  of  pure  antimony  sulphide,  SbgSj,  should  yield 

a  litre  of  sulphuretted  hydrogen  collected  at  10°  C.  and 
760  m.m.  pressure  ? 

22.  Determine  the  volume  of  chlorine  required  to  convert  10 

grammes  of  phosphorus  into  the  pentachloride. 

23.  A  gramme  of  common  salt  is  dissolved  in  water  and  excess 

of  silver  nitrate  solution  is  added ;  what  weight  of  silver 
chloride  should  be  precipitated  ? 

24.  Calculate  (a)  the  volume,  (6)  the  weight,  of  carbon  dioxide 

in  the  air  of  a  room  6  metres  long,  4  metres  wide,  and 
3  metres  high,  if  there  is  1  volume  of  this  gas  present  per 
1,000  volumes  of  the  air. 

25.  Dumas  determined  the  relative  amounts  of  nitrogen  and 

oxygen  in  air  by  passing  it  over  heated  copper.  He 
found — 

Weight  of  tube  and  copper  before  experiment,  120  grms. 
„      „    „     „  121-15  „ 

„      „  globe  when  exhausted  ...  ...    852  „ 

„      „    „     and  nitrogen      ...  ...    855-85  „ 

From  these  numbers  calculate  the  percentage  composi- 
tion of  air  by  weight,  and  deduce  its  percentage  composition 
by  volume. 

26.  Dumas  determined  the  composition  of  water  synthetically  by 

passing  hydrogen  over  heated  copper  oxide,  and  found — 
"Weight  of  tube  and  copper  oxide  before  experiment,  334-598  gi-s. 
„     „    „     „      „       „     after         „        314-236  „ 
,,  drying  tubes  before  experiment       ...    426-358  „ 
„     „      „       „    after         „  ...    449-263  „ 

Calculate  the  percentage  composition  of  water  by  weight. 

27.  Ten  grammes  of  steam  are  passed  over  red-hot  iron ;  wh-at 

volume  of  hydrogen  at  26°  C.  and  741  m.m.  pressure  will 
be  obtained  if  one-third  of  the  steam  undergoes  decom- 
position ? 

28.  Fifteen  cubic  centimetres  of  ammonia  are  completely  decom- 

posed by  electric  sparks,  and  then  40  c.c.  of  oxygen  arc 
added  and  the  mixed  gases  exploded ;  state  the  gases 
present  and  the  volume  of  each  (a)  just  before  exploding, 
(6)  after  exploding. 
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29.  A  mixture  of  10  litres  of  oxygen  with  one  litre  of  carbon 

dioxide  IS  shaken  up  with  100  c.c.  of  water  ;  determine  the 
volume  of  each  gas  that  will  be  dissolved-the  barometer 
at  the  time  standing  at  760  m.m.  and  the  thermometer  at 
zero. 

30.  Make  the  same  determination  with  a  mixture  of  one  litre  of 

oxygen  and  10  htrea  of  carbon  dioxide. 

31.  A  litre  of  sea- water  (sp.  gr.  1-03)  is  evaporated  to  dryness, 

and  found  to  leave  as  residue  36-4  grammes  of  salts ;  find 
the  percentage  of  solid  matter  in  the  sea- water. 

32.  Given  that  a  metre  is  equivalent  to  39-37  inches,  calculate 

the  number  of  cubic  inches  in  a  litre,  and  the  number  of 
litres  in  a  cubic  foot. 

33.  Determine  the  percentage  of  carbon  in  cane-sugar  {Gi^^^O^^) 

and  the  volume  of  carbon  dioxide  that  results  from  the 
combustion  of  0-2  gramme  of  sugar. 

34.  A  mixture  of  20  c.c.  of  ethylene  and  200  c.c.  of  oxygen  is 

exploded  in  a  eudiometer ;  what  volume  of  gas  remains 
after  the  explosion,  and  what  volume  when  the  carbon 
dioxide  is  subsequently  removed  by  absorption  with  potash  ? 

35.  What  quantity  of  crystallized  oxalic  acid  (C2H2O4.  2  H2O), 

heated  with  excess  of  sulphuric  acid,  will  yield  5  litres  of 
gas  at  standard  temperature  and  pressure  ? 
SC.  If  50  c.c.  of  sulphuretted  hydrogen  be  mixed  with  excess  of 
chlorine,  what  volume  of  hydrochloric  acid  will  be  formed, 
and  what  weight  of  sulphur  liberated  ? 

37.  A  gramme  of  a  substance  containing  carbon  is  heated  with 

lead  oxide,  and  found  to  form  10  grammes  of  metallic  lead  ; 
what  percentage  of  carbon  was  present  ? 

38.  What  weight  of  iron  must  be  dissolved  in  dilute  sulphuric 

acid  in  order  to  yield  sufficient  hydrogen  to  fill  a  balloon 
having  a  capacity  of  100  cubic  metres  ? 

39.  Ten  grammes  of  carbon  are  burnt  in  1,000  litres  of  air  (taken 

as  consisting  of  79  vols,  of  N  and  21  of  0)  at  15°  C.  and 
700  m.m.  pressure ;  find  the  percentage  of  nitrogen,  oxy- 
gen, and  carbon  dioxide  in  the  air  after  the  combustion  is 
complete. 
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1.  91°. 

2.  293  :  253. 

3.  50  c.c,  90-9  c.c,  140-9  c.c. 

4.  2090  c.c,  418  c.c,  104-5  c.c, 

38  c.c 

5.  441  c.c. 

6.  129-7  c.c. 

7.  488  m.m. 

8.  273°  C. 

9.  3,951  atmospheres. 

10.  6,894  atmospheres. 

11.  571-9  c.c 

12.  162-2  grammes  ;  65-7  c.c. 

13.  73-9  c.c. ;  180-4  grammes. 

14.  Ca  =  40  per  cent. 
C   =  12  „ 

0  =  48  „ 
44  per  cent. 

15.  H  =   7-97  per  cent. 

01  =  28-28  „ 
0  =  63-75  „ 

16.  FeSg. 

17.  FegO^. 

18.  NnoP40i3. 

19.  465-7  grammes. 

20.  81-9  cc. 

21.  4-847  grammes, 

22.  17-93  litres. 

23.  2-446  grammes. 


24.  72  litres  j  142-4  grammes. 

25.  Oxygen,  23  ;  Oxygen,  20-7. 
Nitrogen,  77;  Nitrogen,  79-3. 

26.  Hydrogen,  ll'l. 
Oxygen,  88-9. 

27.  4-626  litres. 

28.  (a)  N  =   7-5  cc 

H  =  22-5  cc 
0  =  40-0  cc 
(6)  N  =  7-5  c.c. 
0  =  28-75  cc. 

29.  Oxygen  =  3-73  cc 
Carbon  dioxide  =  16-36  c.c. 

30.  Oxygen  =  0-37  c.c. 
Carbon  dioxide  =  163-6  c.c 

31.  3-534  per  cent. 

32.  61023  ;  28-317. 

33.  42-1  per  cent. 
•167  litre. 

34.  180  c.c  ;  140  cc 

35.  14-16  grammes. 

36.  100  c.c  ;  0-0719  gramme. 

37.  29  per  cent. 

38.  251-8  kilogrammes. 

39.  Nitrogen,  79.00  per  cent. 
Oxygen,    19-2     „  „ 
Carbon   i  ,  „ 
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EXPERIMENTS 

The  chemistry  of  the  metals  and  their  compounds  opens  up  a 
very  wide  field,  and  the  presentment  frequently  given  is  little  more 
than  a  systematized  record  of  the  preparation  and  chief  properties 
of  these  bodies. 

It  is  certainly  essential  that  the  process  of  investigation  so 
generally  insisted  on  in  the  case  of  the  non-metals  should  be 
continued  with  the  metals,  though  there  seem  to  be  few  schools 
where  this  is  fully  recognized. 

In  the  following  pages  I  have  given  a  list  of  experiments 
which,  whilst  it  lays  no  claim  to  being  exhaustive  or  even  com- 
plete, will  I  hope  suggest  the  lines  along  which  work  in  the 
laboratory  might  with  advantage  be  undertaken. 

Furthermore,  since  at  this  stage  the  student  ought  to  have 
acquired  some  proficiency  in  planning  and  executing  experiments, 
I  have  not  thought  it  necessary  to  do  more  than  indicate  in 
general  terms  the  problem  to  be  investigated,  leaving  the  rest  to 
be  filled  in  by  reference  to  the  text  and  by  the  exercise  of  such 
ingenuity  and  skill  as  may  fairly  be  expected  of  one  who  has 
followed  with  diligence  the  course  prescribed  in  the  previous 
volume  of  this  work. 

CHAPTER  I. 

1.  Compare  the  weights  of  equal  volumes  of  hych-ogen  and 
air. 

2.  Devise  an  experiment  to  show  that  if  the  pressure  on  a  gas 
js  doubled,  the  volume  occupied  by  the  gas  is  halved. 
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3  Show  by  experiment  (1)  that  CO,  is  heavier  than  au',  and  (2) 
that  yet  if  CO,  be  introduced  into  the  lower  part  of  a  tall  cylinder 
of  air,  some  of  the  heavier  gas  will  soon  be  found  m  the  upper 
part  of  the  cylinder. 

4.  Determine  the  vapour  density  of  carbon  tetrachloride  by  the 

method  of  Dumas.  . 

5.  Determine  the  vapour  density  of  iodine  or  stannic  chloride 

by  the  method  of  Victor  Meyer. 

6.  Drop  a  fragment  of  ammonium  chloride  into  a  red  hot 
crucible  and  test  the  fumes  which  come  off  with  a  moistened 
litmus  paper. 

7.  Fill  a  small  two-ounce  bottle  with  nitrogen  peroxide,  stopper 
it  tightly,  and  then  leave  it  in  boiling  water,  and  note  the  change 
of  colour  of  the  gas. 

8.  Show  by  experiment  that  CO3  contains  its  own  volume  of 

oxygen. 

9.  Fill  a  small  two  ounce  bottle  over  water  about  two-thirds 
with  hydrogen  and  the  rest  with  chlorine  in  diffused  daylight, 
stopper  it  carefully,  and  leave  it  in  this  light  a  day  or  so.  Note 
(a)  that  colour  of  chlorine  has  gone,  (b)  that  when  the  stopper  is 
removed  over  mercury  no  alteration  in  volume  has  occurred,  (c) 
that  when  the  bottle  is  brought  over  a  solution  of  potassium 
iodide  much  of  it  is  absorbed  but  no  iodine  is  liberated,  (d)  that 
the  residual  gas  is  hydrogen. 

10.  Introduce  equal  volumes  of  CO  and  oxygen  into  a 
eudiometer  over  the  mercury.  Explode,  allow  to  cool,  and  note 
the  decrease  of  volume  and  also  the  effect  of  introducing  a  piece 
of  caustic  soda  into  the  gas.  Equal  volumes  of  the  gases  may  be 
obtained  by  using  a  small  specimen  tube  as  the  measure. 


CHAPTER  II. 

1.  Expose  a  50  gramme  brass  weight  to  boiling  water  or  steam 
for  some  minutes,  and  then  immediately  bring  it  into  100  c.c.  of 
water  in  a  small  beaker.  The  temperature  of  the  water  (which 
should  be  that  of  the  room)  is  to  be  taken  before  the  weight  is 
put  in,  and  after  it  has  been  stirred  in  contact  with  the  weight 
for  a  minute. 
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2  Place  a  strip  of  zinc  and  one  of  platinum  in  dilute  sulphuric 
acid  attach  platinum  wires  to  the  strips  and  insert  the  free  ends 
ot  the  wires  in  the  two  limbs  of  a  U-tube  containing  a  solution  of 
sodium  sulphate  tinted  with  litmus. 

^  3.  Eepeat  this  experiment,  using  a  solution  of  lead  nitrate 
mstead  of  sodium  sulphate. 

4.  Pass  the  current  from  two  Grove's  or  Bunsen's  cells  through 
a  voltameter  containing  acidulated  water  and  (connected  up  in 
the  same  circuit)  a  solution  of  lead  nitrate.  When  100  c.c.  of 
hydrogen  have  collected,  disconnect  the  wires  and  rapidly  pour  ofE 
the  liquid  from  the  lead  which  has  separated.  Wash  it  by 
decantation,  dry  and  weigh,  and  compare  its  weight  with  that  of 
the  hydrogen  as  calculated  from  its  volume.  Deduce  the  electro- 
chemical equivalent  of  lead. 

5.  Measure  the  amount  o£  hydrogen  evolved  when  a  known 
weight  (about  half  a  gramme)  of  zinc  is  dissolved  in  excess  of 
dilute  sulphuric  acid  and  deduce  the  equivalent  of  zinc. 

6.  Do  the  same  experiment  with  aluminium  and  warm  caustic 
soda  solution,  and  deduce  the  equivalent  of  aluminium. 


CHAPTER  III. 

1.  Introduce  a  known  weight  (about  100  grms.)  of  snow  or 
freshly  broken  ice  into  a  breaker.    Pour  on  it  5  times  its  weight 
of  warm  water  at  a  known  temperature  (about  30° C).    Stir  well 
till  the  ice  is  all  melted  and  take  the  temperature.    Deduce  the  i 
latent  heat  of  fusion  of  ice.  I 

2.  Pass  steam  into  200  c.c.  of  water  at  the  temperature  of  the  ] 
room  until  an  increase  of  30"  C  is  noted.    Weigh  the  beaker  and 
thus  ascertain  how  much  steam  has  been  condensed.  Deduce 
the  latent  heat  of  steam.  I 

3.  Determine  the  depression  of  temperature  which  takes  place  ' 
when  100  grms.  of  powdered  ammonium  nitrate  is  well  stirred  ; 
with  the  same  weight  of  water. 

4.  Make  a  saturated  solution  of  common  salt  in  water  at  the  ; 
temperature  of  the  room,  and  evaporate  to  dryness  on  a  water 
bath  so  as  to  find  the  solubility  of  the  salt  in  water. 


f 


EXPERrMENTS. 


303 


5.  Devise  a  method  for  determining  the  solubility  of  carbon 
Jioxide  in  water. 

6.  Evaporate  100  c.c.  of  sea  water  to  dryness  and  weigh  the 
amount  of  residue. 

7.  Make  a  soap  solution  by  dissolving  about  half  a  gramme  of 
soap  shavings  in  100  c.c.  of  weak  alcohol.  Add  this  solution  a 
few  drops  at  a  time  to  each  of  the  following  till  on  shaking  in  a 
stoppered  bottle  a  lather  is  obtained  which  lasts  3  minutes  :  (a) 
50  c.c.  of  distilled  water,  (b)  50  c.c.  of  the  ordinary  tap  water, 
(c)  50  c.c.  of  distilled  water  to  which  1  c.c.  of  lime  water  has 
been  added. 

8.  Mix  oxygen  with  six  times  its  volume  of  hydrogen  and 
introduce  some  of  the  mixture  into  a  eudiometer.  Eead  o£E  the 
lieight  of  the  mercury,  pass  the  spark  and  again  read  the  height 
of  the  mercury  after  cooling.  Determine  the  diminution  in 
volume  of  the  gas  and  the  composition  of  water. 

9.  Examine  what  takes  place  when  hydrogen  peroxide  is  added 
to  (a)  a  solution  of  potassium  iodide,  (b)  a  solution  of  potassium 
permangate. 

10.  Examine  the  action  of  ozone  on  (a)  a  solution  of  potassium 
iodide,  (&)  a  solution  of  litmus,  (c)  a  globule  of  mercury. 

11.  Ascertain  the  amount  of  oxygen  in  air  by  the  action  of 
phosphorus. 

12.  Leave  some  solid  calcium  chloride  and  some  solution  of 
baryta  exposed  for  a  time  to  air,  and  note  the  changes  which 
occur. 


CHAPTER  IV. 

1.  Add  water  little  by  little  to  sulphuric  acid  until  acid  of  the 
specific  gravity  1-7  is  obtained  ;  heat  4  parts  by  weight  of  this 
with  5  parts  of  sodium  nitrate  into  a  retort  and  condense  the 
nitric  acid  which  comes  over. 

2.  Prepare  hydrochloric  acid  by  ge?dli/  heating  200  gi'ms.  of 
common  salt  with  sulphuric  acid  ;  pass  the  gas  into  200  c.c.  of 
water  in  a  half  litre  flask  kept  cool,  and  when  fully  saturated 
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lucaBure  tlie  volume  of  the  liquid  and  determine  its  specific 
gravity.  By  consulting  tables  ascertain  the  percentage  of  HCl 
in  the  liquid. 

3.  See  what  takes  place  (a)  when  a  current  of  air  is  passed 
through  the  liquid  obtained  above,  (b)  when  some  of  the  liquid  is 
boiled  in  an  open  vessel,  (c)  when  it  is  diluted  with  twice  its 
volume  of  water  and  then  boiled. 

4.  Heat  a  few  fragments  of  iron  pyrites  in  an  inclined  tube 
open  at  both  ends,  and  note  the  nature  of  the  products  which  pass 
up  the  tube  and  of  the  residue  left. 

5.  Pass  nitric  oxide  into  a  litre  bottle  till  dark  brown  fumes  are 
manifest  ;  now  pour  in  200  c.c.  of  concentrated  sulphuric  acid  and 
stopper,  shake  up  and  observe  the  absorption  of  the  fumes. 
Finally  add  an  equal  volume  of  dilute  sulphuric  acid  and  the 
fumes  reappear. 

6.  Pour  100  c.c.  of  commercial  oil  of  vitrol  into  a  litre  of  water 
and  allow  to  stand  ;  a  white  turbidity  indicates  the  presence  of 
lead.  Allow  to  settle  and  then  pass  HgS  through  some  of  the 
clear  liquid  to  precipitate  any  arsenic  which  may  be  present. 

CHAPTER  V. 

1.  Pass  chlorine  into  ice  cold  water  until  the  solid  hydrate 
separates. 

2.  Fill  a  test-tube  with  water  saturated  with  chlorine,  invert  it 
over  water,  and  expose  to  bright  sunlight  ;  observe  the  bubbles  of 
gas  given  ofE,  and  ascertain  what  the  gas  is. 

3.  Gently  heat  manganese  dioxide  in  a  current  of  hydi'ochloric 
acid  gas. 

4.  Mix  concentrated  siilphuric  acid  with  powdered  fluorspar  to  a 
paste  in  a  leaden  dish  ;  place  in  a  draught  cupboard  and  cover 
with  a  watch  glass  so  that  the  glass  may  be  etched, 

5.  Examine  the  action  of  strong  sulphuric  acid  on  calcium 
chloride. 

6.  Prepare  hydriodic  acid  gas  ;  pass  some  of  the  gas  through  a 
glass  tube  heated  with  a  Bunsen  burner  and  see  what  takes  place. 
Make  a  solution  of  hydiiodic  acid  gas  in  water. 
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7.  Suspend  iodine  in  water  and  pass  a  rapid  stream  of 
sulphuretted  through  the  liquid. 

8  Dissolve  5  grammes  of  barium  chlorate  m  water  and  add  1 
cc.  of  concentrated  sulphuric  acid.  What  is  the  nature  of  the 
clear  solution  which  is  obtained  when  settling  ? 

9.  Prepare  a  sample  of  potassium  bromate. 

10.  Starting  from  potassium  chlorate  prepare  a  specimen  of  the 
perchlorate. 

11.  Examine  the  action  of  concentrated  nitric  acid  on  lodme. 


CHAPTER  VI. 

1.  Prepare  a  specimen  of  amorphous  phosphorus. 

2.  Starting  from  ordinary  phosphorus  prepare  phosphorus 
pentoxide  and  examine  the  action  of  water  on  this  oxide. 

3.  Prepare  orthophosphoric  acid  by  acting  upon  phosphorus 
with  nitric  acid.  Using  the  product  make  normal  sodium  phosphate. 

4.  Prepai-e  some  hypophosphorous  acid  and  examine  its  action 
on  nitrate  of  silver  and  sulphate  of  copper. 

5.  Examine  the  action  of  chlorine  and  iodine  on  phosphorus. 

6.  Repeat  the  characteristic  tests  for  metaphosphates,  ortho- 
phosphates  and  pyrophosphates  using  aqueous  solutions  of  the 
alkali  salts. 

7.  Examine  the  action  of  water  on  phosphorus  trichloride  and 
pentachloride  respectively. 

CHAPTER  VII. 

1.  Make  an  intimate  mixture  of  fine  sand  or  kaoline  with  six 
times  its  weight  of  potassium  carbonate  and  heat  to  redness  for 
an  hour.    Extract  with  water  and  prepare  gelatinous  silica. 

2.  Prepare  silicon  tetrafluoride  and  using  this  obtain  (a) 
gelatinous  silica  (b)  a  solution  of  hydrofliuosilicic  acid. 

3.  Starting  with  a  solution  of  an  alkaline  silicate  prepare  an 
aqueous  solution  of  silica. 

4.  Starting  from  borax  prepare  boric  acid  and  boron  trioxide, 

5.  Prepare  boron  hydride. 
ADV.  OHEM.  X 
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CHAPTER  VIII.— 

1.  Cut  a  piece  of  sodium  (fingers  and  knife  to  be  quite  dry) 
and  note  silvery  lustre,  also  rapid  tarnishing. 

2.  Heat  a  piece  of  sodium  or  potassium  (free  from  oil)  the  size 
of  a  pea  in  a  stream  of  hydrogen  and  note  the  colour  of  the 
vapour. 

B.  Drop  similar  pieces  of  these  metals  into  about  100  o.c.  of 
water  and  note  what  takes  place.  Stand  a  little  away  while 
the  action  is  proceeding.  Test  the  water  afterwards  with  red  and 
blue  litmus  paper. 

4.  Leave  similar  pieces  of  the  metals  exposed  to  the  air  for  a 
day  and  notice  the  change  they  undergo.  Treat  them  sub- 
sequently as  in  (3). 

5.  Heat  similar  pieces  in  air  in  iron  boats  for  15  minutes,  allow 
to  cool,  and  then  drop  the  boats  into  a  solution  of  potassium  iodide. 
Proof  will  be  obtained  of  the  formation  oi  peroxide. 

6.  Neutralize  dilute  hydrochloric  acid  with  caustic  soda  and 
prepare  good  crystals  of  common  salt.    Sketch  them, 

7.  Prepare  a  sample  of  potassium  iodide  and  (starting  from 
milk  of  lime)  one  of  potassium  chlorate. 

8.  Convert  NaCl  into  NagSO^. 

9.  Convert  NaHCOg  into  NaaCOg  and  soda  crystals  into 
NaHCOg. 

10.  Heat  strongly  for  an  hour  or  so,  an  intimate  mixture  of  fine 
white  sand  or  silica  with  five  times  its  weight  of  sodium  carbon- 
ate ;  note  the  effervescence  of  COg.  Allow  to  cool  and  then  add 
HCl  till  strongly  acid,  boil  to  complete  dryness  on  a  water  bath, 
extract  with  water,  and  silica  is  left  as  a  residue,  sodium  chloride 
passing  into  solution.  Formulate  the  chemical  changes  con- 
cerned. 

CHAPTER  IX.— 

1.  Heat  about  a  gramme  (carefully  weighed)  of  powdered 
calcite  or  calcium  carbonate  over  the  blowpipe  flame  and  ascertain 
the  weight  of  the  residue  when  it  is  found  that  no  further  loss  of 
weight  occurs.  A  rough  estimation  of  the  combining  weight  of 
calcium  may  thus  be  made. 
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2.  Pour  about  100  ccof  water  on  a  lump  of  quick-lime,  and 
note  the  beat  developed  and  tbe  formation  of  tbe  bydroxide, 

3.  Heat  baryta  until  on  throwing  some  of  tbe  product  into  a 
Eolution  of  KI  and  HCl  a  marked  liberation  of  iodine  occurs.  See 
if  the  original  baryta  gives  any  liberation  of  iodine. 

4.  Reduce  CaS04  to  tbe  sulphide  (a)  by  beating  an  intimate 
mixture  of  tbe  sulphate  with  coal,  (b)  by  beating  a  fragment  on 
platinum  wire  in  the  reducing  flame  of  a  Bunsen  burner.  Note 
HgS  evolved  when  the  product  is  acidified: 

5.  Shake  up  CaSO^  with  mucli  water;  allow  to  settle,  and  add 
some  of  tbe  clear  solution  to  solutions  of  (a)  strontium  cblorid.e, 
(6)  barium  chloride,  (c)  ammonium  carbonate,  (d)  ammonium  oxalate. 

6.  Examine  the  changes  which  take  place  when  bleaching 
powder  is  wanned  with  solutions  of  potassium  iodide  and  cobalt 
nitrate  respectively,  and  also  when  COais  passed  through  bleach- 
ing powder  well  stirred  up  with  water. 

7.  To  a  concentrated  solution  of  barium  chloride  add  an  equal 
volume  of  concentrated  hydrochloric  acid. 

8.  Examine  the  action  of  calcium  carbide  on  water. 

9.  Prepare  barium  nitrate  in  crystals,  starting  with  heavy  spar. 


CHAPTER  X.— 

1.  Convert  magnesite  into  magnesia,  and  then  from  this  prepare 
crystallized  magnesium  chloride. 

2.  Heat  the  magnesium  chloride,  raising  the  temperature 
gradually,  and  examine  the  products  given  ofE. 

8:  Prepare  magnesium  nitride  and  see  how  it  reacts  with  water 
and  with  dilute  hydrochloric  acid. 

4.  Prepare  and  sketch  crystals  of  Mg(NH4)P04.6n20. 

5.  "Weigh  about  a  gramme  of  zinc,  transform  it  into  oxide  by 
treatment  with  concentrated  nitric  acid  in  a  porcelain  crucible ; 
weigh  the  oxide  and  determine  the  atomic  weight  of  zinc  (oxy  en 
=  15-88). 

6.  Starting  from  zinc  blende,  prepare  crystals  of  zinc  sulphate. 

7.  Make  sodium  amalgam  and  examine  its  action  upon  water. 

8.  Dissolve  a  globule  of  mercury  (a)  in  dilute  nitric  acid,  (6)  in 
concentrated  nitric  acid ;  add  dilute  hydrochloric  acid  to  each  of 


308 


EXPERIMENTS. 


the  liquids  so  obtained.  What  inferences  do  you  draw  from  these 
experiments  ? 

9.  Convert  HgCl  into  HgClg,  and  HgClg  into  HgCl. 

10.  Prepare  Nessler's  reagent,  and  examine  its  action  on  water 
containing  very  small  quantities  of  ammonia. 

11.  Obtain  metallic  mercury  from  cinnabar, 

CHAPTER  XI.— 

1.  Prepare  a  solution  of  sodium  aluminate  by  digesting 
powdered  bauxite  with  a  concentrated  solution  of  caustic  soda. 
Pass  a  current  of  CO2  through  the  liquid  so  obtained. 

2.  Examine  the  action  of  the  following  reagents  on  aluminium 
foil,  (a)  dilute  HGl,  (b)  dilute  H2SO4,  (c)  solution  of  caustic  soda. 

3.  Pxepare  the  colloidal  form  of  aluminium  hydroxide. 

4.  Prepare  crystals  of  ammonium  alum. 

5.  Make  a  saturated  solution  of  the  sulphate  or  acetate  of 
aluminium  at  the  ordinary  temperature,  decant  off  some  of  the 
clear  liquid  and  boil  it  for  two  or  three  minutes.  See  if  the  pre- 
cipitate which  has  separated  on  boiling  is  readily  dissolved  by  the 
addition  of  dilute  sulphuric  acid. 

6.  Do  an  experiment  to  illustrate  the  use  of  aluminium  salts  in 
throwing  down  and  fixing  organic  colouring  matters  on  cotton. 

7.  Determine  the  amount  of  potash  alum  in  100  c.c.  of  a 
saturated  solution  at  the  temperature  of  the  room  by  leaving 
excess  of  the  powdered  salt  in  contact  with  say  250  c.c.  of  water 
for  some  hours  (with  occasional  agitation),  and  then  evaporating 
100  c.c.  of  the  clear  supernatant  liquid. 

8.  Boil  ultramarine  with  dilute  hydrochloric  acid  for  some 
minutes  and  see  if  any  change  is  manifest.  Ascertain  whether 
the  hydrochloric  acid  has  dissolved  any  of  the  substance. 

CHAPTER  XII.— 

1  Dissolve  about  a  gramme  of  copper  sulphate  in  100  c.c.  of 
water  and  immerse  a  steel  rod  in  the  solution  till  the  whole  of 
the  copper  is  precipitated.    Ascertain  what  the  solution  now 

contains.  . 
2.  Given  metallic  copper,  prepare  cuprous  chloride,  cuprous 

oxide,  and  cupric  sulphate. 
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3.  Prepare  crystals  of  CuS04.(NH3)4.H20. 

4  To  a  solution  of  silver  nitrate  add  HCl;  show  the  solubility 
of  AgCl  in  ammonia  and  its  reprecipitation  with  nitric  acid,  also 
its  solubility  in  a  strong  solution  of  common  salt  and  precipitation 
therefrom  (as  Agl)  by  potassium  iodide. 

5.  Dissolve  AgCl  in  a  solution  of  sodium  thiosulphate  and 
investigate  the  action  of  dilute  HCl  on  this. 

6.  Extract  silver  from  an  alloy  of  silver  and  lead  by  cupellation. 

7.  Prepare  a  solution  of  pure  PfcCl^  from  the  crude  solution.  ^ 

8.  Prepare  platinum  sponge  and  show  its  power  of  absorbing 
hydrogen. 


CHAPTER  XIII.— 

1.  Dissolve  in  concentrated  HCl,  fragments  (a)  of  white  pig 
iron,  and  (6)  grey  pig  iron,  noting  difEerences  in  the  residues 
obtained  and  the  gas  evolved  in  each  case. 

2.  Starting  from  metallic  iron,  prepare  a  solution  of  ferric 
chloride  and  reduce  this  to  ferrous  chloride. 

3.  Prepare  soluble  and  insoluble  prussian  blue. 

4.  Dissolve  one  gramme  of  KMnO^  in  250  c.c.  of  water,  and 
also  10  grammes  of  ferrous  ammonium  sulphate  in  200  c.c.  of 
water.  Take  25  c.c.  of  the  latter  solution,  add  an  equal  volume 
of  dilute  sulphuric  acid  and  determine  (using  a  burette)  the 
volume  of  the  permanganate  solution  that  must  be  added  before 
a  permanent  pink  colouration  remains. 

5.  Dilute  3  or  4  c.c.  of  the  solution  of  ferrous  ammonium  sul- 
phate tenfold  and  add  a  few  drops  of  ammonia,  note  the  colour 
of  the  precipitate  (ferrous  hydroxide)  obtained  and  its  gradual 
change  to  reddish  brown  (ferric  hydroxide)  on  standing  or  more 
rapidly  when  contact  with  air  is  promoted  by  shaking. 

6.  Prepare  solutions  of  the  sulphates  of  nickel  and  cobalt  from 
the  respective  oxides  and  examine  the  action  of  ammonia  upon 
them. 

7.  Prepare  solutions  of  (a)  the  double  cyanide  of  nickel  and 
potassium,  (b)  the  double  cyanide  of  cobalt  and  potassium,  and 
examine  their  behaviour  when  digested  with  sodium  hypochlorite. 
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CHAPTER  XIV.— 

1.  Examine  the  effect  of  heating  in  air  and  in  a  current  of 
hydrogen  chloride  (a)  finely  powdered  spathic  iron  ore,  (6) 
pyrolusite. 

2.  Prepare  manganese  dioxide  in  the  wet  way,  dry  it  and  from 
it  obtain  a  sample  of  MnO ;  finally  convert  this  into  Mn^O^. 

3.  Prepare  MnOg  according  to  Franke's  method. 

4.  Starting  from  pyrolusite,  prepare  a  solution  of  potassium 
manganate,  and  then  convert  this  into  permanganate. 

5.  To  some  of  this  permanganate  add  an  equal  volume  of 
dilute  sulphuric  acid,  and  determine  the  effect  of  passing  a  current 
of  HgS  through  the  solution. 

6.  Starting  from  pyrolusite  prepare  a  sample  of  manganous 
chloride  in  a  crsytallized  condition. 

7.  Using  manganous  chloride  obtain  from  it  in  the  moist  con- 
dition specimens  of  the  hydroxide  and  the  sulphide,  and  observe 
the  changes  which  take  place  when  these  bodies  are  respectively 
heated  in  air. 

8.  Prepare  crystalline  manganous  sulphate  from  the  chloride. 

CHAPTER  XV  — 

1.  Prepare  a  sample  of  Cr203  in  the  dry  way  and  one  of  Cr2(0H)g 
by  precipitation;  dissolve  the  latter  in  dilute  hydrochloric  acid 
and  then  boil  down  to  dryness  on  a  water-bath. 

2.  Dissolve  chrome  alum  in  cold  water,  boil  some  of  the  solu- 
tion for  a  few  minutes,  noting  any  change  in  colour.  To  each  of 
these  solutions  add  sodium  phosphate. 

3.  Starting  from  potassium  chromate,  prepare  crystals  of 
potassium  bichromate. 

4.  Prepare  CrOg,  and  using  this,  obtain  a  specimen  of  the  liquid 
CrOgClg. 

5.  Show  that  chromic  and  hydrochloric  acids  are  formed  when 
water  is  added  to  CrOgClg. 

6.  Obtain  a  solution  of  chromous  chloride  (CrCIg)  and  note  the 
effect  of  shaking  it  up  with  air  in  a  test  tube. 

7.  Pass  HgS  for  some  minutes  through  an  acidilied  solution  of 
potassium  bichromate. 


EXPERIMENTS. 


811 


CHAPTER  XVI.— 

1.  Obtain  metallic  tin  from  tinstone  and  stannic  oxide  from 

metallic  tin.  j    ^  •„ 

2  Pass  HgS  through  acid  solutions  of  stannous  and  stannic 
chloride  respectively,  and  note  the  character  of  the  precipitates 
produced. 

3.  Digest  each  of  these  precipitates  (well  washed)  with  am- 
monium sulphide. 

4.  Prepare  a  specimen  of  stannic  chloride,  and  from  this  crystals 

of  (NH4)2SnCle.  t,  j 

6.  Roast  a  few  fragments  of  galena  in  a  tube  open  at  both  ends 
and  held  in  an  inchned  position,  and  note  the  nature  of  the 
products  formed. 

6.  From  minium  prepare  a  sample  of  (a)  htharge,  (6)  lead 

dioxide. 

7.  Prepare  a  solution  of  basic  acetate  of  lead  and  from  tins 
"white  lead." 

8.  From  white  lead  prepare  in  crystals  samples  of  PbClg,  Pblg 
and  PbfN03)2. 

CHAPTER  XVII.— 

1.  Roast  mispickel  in  an  open  inclined  tube  and  identify  the 
products  formed. 

2.  Convert  a  few  grains  of  metallic  arsenic  into  crystals  of 
arsenic  trioxide  and  examine  these  with  a  lens. 

3.  Starting  from  arsenic  trioxide  obtain  samples  of  arsenite  and 
arsenate  of  silver. 

4.  Prepare  sodium  thioarsenate,  and  from  this,  arsenic  penta- 
sulphide. 

5.  Apply  Marsh's  and  Reinsch's  tests  in  detecting  arsenic  in 
realgar  or  orpiment. 

6.  Prepare  Sh^O^  and  SbgOg  from  metallic  antimony. 

7.  Prepare  SbClg  and  investigate  the  action  of  water  upon  it. 

8.  Prepare  potassium  antimonate  and  sodium  pyroantimonate. 

9.  Given  BigOj,  prepare  the  dioxide  and  pentoxide. 

10.  Prepare  Bi(N03)3  and  examine  the  products  formed  by  the 
action  of  water  upon  it. 
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Examination  questions  set  ly  the  Science  and  Art  Depa/rtment 
for  the  Second  or  Advanced  Stage  in  Chemistry. 

1889. 

1.  Explain  the  distinctions  between  an  empirical  formula,  a  rational 
formula,  and  a  constitutional  formula. 

2.  Of  what  use  is  a  knowledge  of  the  specific  heat  of  an  element  to 
the  chemist  ? 

3.  How  can  potassium  chloride,  hypochloride,  and  chlorate  he 
obtained  by  the  action  of  chlorine  upon  caustic  potash?  Give  the 
composition  and  properties  of  these  salts. 

4.  State  what  experiments  you  would  make  to  prove  that  when  two 
substances,  A  and  B,  separately  combine  with  a  third  substance,  C,  the 
proportions  of  A  and  B  which  unite  with  G  are  measures  or  multiples 
of  the  proportions  in  which  A  and  B  combine  together. 

6.  Group  the  following  elements  according  to  their  valenc}- 
(atomicity)  :  bismuth,  copper,  tin,  lead,  sodium,  arsenic,  mercury, 
iron,  potassium,  calcium,  silicon,  silver. 

Explain  the  meaning  of  the  terms  atomic  and  molecular  weight. 

6.  How  is  iodine  prepared,  and  how  may  it  be  converted  into 
hydriodic,  iodic,  and  periodic  acids  ? 

7.  300  c.c.  of  a  solution  of  caustic  potash  containing  40  grammes 
KHO  per  litre  is  required  to  neutralise  100  c.c.  of  sulphm-ic  acid,  and 
the  same  volimie  of  nitric  acid.  Calculate  the  amount  of  acid  in  each 
solution. 

8.  How  are  lead,  mercury,  arsenic,  zinc,  and  antimony  obtained 
from  their  respective  sulphides  ? 

9.  Give  the  chemical  formulae  of  the  following  substances ;  galena, 
rock  salt,  dolomite,  fluorspar,  heavy  spar,  borax,  calomel. 

10.  Give  some  account  of  the  more  important  compounds  of  silicon. 
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1890. 

1.  Explain  tlie  meaning  of  the  terms  atomic  weight  and  molecular 

weight.  .       J  . 

2.  What  is  the  "  specific  heat "  of  an  element  ?  _  How  as  it  deter-  • 
mined,  and  of  what  value  is  it  in  chemical  classification  ? 

3.  By  what  experimental  methods  has  the  composition  of  the  oxides 
of  cai-bon  been  established  ? 

4.  How  would  you  prepare  a  solution  of  hydrogen  dioxide  ?  Wliat 
is  its  action  on  oxide  of  silver,  baryta  solution,  and  potassium  iodide? 

5.  What  is  the  difierence  between  silicon,  silica,  and  silicic  acid? 
How  could  you  obtain  all  these  substances  from  felspar  ? 

6.  G-ive  some  account  of  the  metal  aluminium,  and  the  composition, 
preparation,  and  properties  of  alumina,  aluminium  chloride,  aluminium 
sulphate,  and  common  alum. 

7.  From  what  minerals  is  arsenic  obtained?  How  can  the  two 
oxides  be  prepared  from  the  element?  Describe  their  properties,  and 
the  properties  of  the  acids  obtained  from  them. 

8.  How  can  you  prepare  the  following  bodies,  directly  or  indirectly, 
from  iron  pyrites  :  the  allotropic  forms  of  sulphur  ;  sulphur  dioxide ; 
sulphurous  acid  ;  hydrogen  sulphide  ? 

9.  Ammonia  gas  is  passed  into  the  following  solutions  :  nitric  acid ; 
ferric  chloride ;  ferrous  chloride  ;  mercuric  chloride ;  silver  nitrate  ; 
bleaching  powder  ;  copper  sulphate  ;  water.  What  happens  in  each 
case? 

10.  Give  a  short  account  of  the  method  of  manufacture  of  sulphuric 
acid  (oil  of  vitriol) . 

1891. 

H  =  1.    S  =  32.    01  =  35-5.    Fe  =  56. 

1.  Describe  how  common  salt  may  be  converted  into  soda-ash,  soda- 
crystals,  and  caustic  soda. 

2.  What  is  an  acid  ?  G-ive  six  examples  of  acids,  and  point  out  the 
basicity  of  each,  explaining  by  the  use  of  constitutional  or  graphic 
formulae,  the  differences  you  recognise. 

3.  How  is  bleaching  powder  made  ?  What  is  its  composition,  and 
what  views  have  been  held  respecting  its  constitution  ?  How  do  you 
explain  its  bleaching  action  ? 

"4.  How  has  the  element  fluorine  been  isolated  ?  Give  some  account 
of  its  properties,  and  describe  its  combiaations  with  hydrogen  and 
silicon. 
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6.  One  gramme  of  iron  is  converted  into  ferric  chloride  and  the 
product  is  dissolved  in  water.  What  volume,  at  normal  temperature 
and  pressure,  of  hydrogen  sulphide  is  theoretically  required  to  com- 
pletely reduce  the  ferric  chloride  to  ferrous  cliloride  ? 

6.  Describe  and  explain  a  method  for  the  exact  determination  of  the 
amount  of  carbon  dioxide  in  atmospheric  air. 

7.  How  is  sulphur  dioxide  usually  made  on  the  small  scale  ?  How 
is  it  made  by  the  vitriol -maker  ?  How  would  you  liquefy  this  gas, 
and  what  are  the  chief  properties  of  the  liquid  ? 

8.  Name  the  chief  sources  of  silver  and  describe  how  the  metal  is 
obtained  from  argentiferous  lead. 

9.  What  substances,  other  than  ozone,  have  the  power  of  turning 
iodized  starch-paper  blue  ?   How  are  they  distinguished  from  ozone  ? 

10.  What  reactions  occur  when  the  following  pairs  of  substances 
dissolved  in  water  are  mixed  together,  {a)  HOI  and  HNOa ;  {b)  HCl 
and  KOIO3  ;  (c)  NaHCOa  and  MgSOi ;  (d)  SOa  and  I2. 

1892. 

1.  From  what  natural  sources  are  potash  compounds  obtained? 
Describe  the  mode  of  manufacture  of  potassium  iodide,  potassium 
nitrate,  and  potassium  bichromate. 

2.  State  what  happens  when  the  following  substances  are  heated  to 
a  sufficiently  high  temperature  with  charcoal :  sulphur  ;  phosphoric 
oxide ;  arsenious  oxide  ;  zinc  oxide ;  litharge ;  sodium  carbonate. 
Express  the  reactions  in  equations. 

3.  An  unknown  volume  of  hydrogen  sulphide  required  157  cb.  c.  of 
chlorine  for  complete  decomposition.  What  was  the  volume  of  the 
hydrogen  sulphide  ? 

4.  How  is  perchloric  acid  prepared  and  how  is  it  distinguished  from 
hypochlorous  and  chloric  acids  ? 

6.  Describe  two  principal  methods  of  obtaining  copper  and  name  ita 
most  important  alloys. 

6.  How  is  hydriodic  acid  solution  prepared  P  What  happens  when 
it  is  treated  with  {a)  caustic  potash ;  {b)  chlorine ;  (c)  starch-paste ; 
{d)  hydrogen  dioxide  ?  By  what  experimental  methods  can  you  show 
that  hydriodic  acid  gas  contains  half  its  volume  of  hydrogen  ? 

7.  G-ive  the  systematic  names  and  chemical  formulae  of  the  follow- 
ing minerals  :  fluorspar,  iron  pyrites,  cinnabar,  pyrolusite,  haematite, 
heavy-spar,  galena,  felspar,  selenite,  calamine,  calcspar,  caelcstiue. 
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8.  0-369  gramme  of  aluminium  Uberated  0-04106  gramme  of  hydrogen 
on  being  dissolved  in  a  strong  solution  of  sodium  hydrate.  On  the 
assumption  that  alumina  is  a  sesquioxide,  AhOz,  find  from  these  data 
the  atomic  weight  of  aluminium.  ^ 

9.  How  is  hydi-ochloric  acid  made  on  the  large  scale,  and  how  is  it 
transformed  directly  or  indirectly  into  bleaching  powder  and  potassium 

chlorate?  .  . 

10.  Describe  and  explain  the  various  methods  of  determining  the 

amount  of  aqueous  vapour  in  the  air. 


1893. 

0  =  16.    N  =  14.    Ag  =  108.    Hg  =  200.    Fe  =  66.    Mn  =  55. 

1.  Define  "symbol,"  "formula,"  "atomic  weight,"  "molecular 
weight." 

Explain  the  relation  of  an  equivalent  to  an  atomic  weight,  and 
state  the  numerical  value  of  the  equivalents  of  oxygen,  nitrogen, 
silver,  and  mercury. 

2.  How  is  nitric  acid  manufactured  ?  What  substances  are  found 
in  nitric  acid  made  on  the  large  scale  at  the  commencement  and  at  the 
termination  of  the  process,  and  what  means  are  employed  to  purify 
the  acid  therefrom  ? 

3.  Give  full  and  exact  reasons  for  assigning  the  formulae  O2,  O3, 
P4,  Hg,  and  Cd  to  oxygen,  ozone,  phosphorus,  mercury  and  cadmium. 

4.  Describe  the  properties  of  silica,  and  especially  those  of  the 
soluble  modification.  By  what  means  are  insoluble  sUicates  rendered 
soluble  in  water  or  in  acids  ? 

What  do  you  imderstand  by  orthosilicic  acid  ? 

5.  How  is  hydrogen  dioxide  prepared?  What  is  its  action  upon 
silver  oxide,  manganic  oxide,  and  potassium  iodide  ? 

6.  What  weight  of  hydrogen  might  be  prepared  by  the  action  of  a 
cwt.  of  iron  nails  upon  steam  in  a  red-hot  tube,  supposing  the 
chemical  change  to  be  complete  ? 

7.  What  is  the  composition  of  the  substance  kncmi  as  white  arsenic? 
What  formula  is  erroneously  assigned  to  it,  and  how  has  it  been 
proved  to  be  incorrect  ?  Write  constitutional  formulae  for  arsenious 
and  arsenic  acids. 

8.  What  metals  woidd  you  consider  to  be  most  nearly  allied  with 
iron  ?  Tabulate  the  chief  characters  of  these  metals  and  their  more 
important  compounds  with  a  -sdew  to  justify  your  answer. 
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9.  Caloulato  the  volume  of  chlorine,  measured  at  16°  and  740  mm 
obtainable  by  dissolution  of  10  grammes  of  pure  manganese  dioxide  in 
an  excess  of  hydrochloric  acid. 

10.  Give  the  common  and  systematic  names  and  chemical  formulae 
of  the  chief  ores  from  which  the  metals,  mercury,  zinc,  lead,  tin, 
chromium,  and  manganese  are  obtained.  Describe  the  production  of 
zinc  and  of  the  metal  which  is  commonly  associated  with  it. 

1894. 

H  =  1.    O  =  16.    C  =  12.    N  =  14. 

1.  What  weight  of  air,  free  from  aqueous  vapour  and  carbon 
dioxide,  and  containing  23  per  cent,  by  weight  of  oxygen,  is  needed 
to  burn  1  ton  of  coal  of  the  following  percentage  composition  : — 

Carbon    ..        ..        ,,        ..  si'/) 

Hydrogen   5-0 

Oxygen  52 

Nitrogen  .  ,        . .        . .        . .        . .        , ,  i-g 

Ash  consisting  of  fully  oxidised  substances  . .  6-7 

100-0 

2.  State  precisely  what  takes  place  when  the  following  gases  are 
passed  over  red  hot  copper  turnings : — (a)  oxygen,  (5)  hydrogen,  (c) 
chlorine,  {d)  nitric  oxide. 

3.  How  is  nitric  acid  manufactured  ?  Describe  and  explain  by 
equations  the  ordinary  green  vitriol  test  for  nitric  acid. 

4.  Under  what  conditions  can  the  hypochlorite  in  bleaching  powder 
be  converted  into  chlorate  ?  How  is  calcium  chlorate  converted  into 
potassium  chlorate  on  a  large  scale  ? 

6.  From  what  sources  and  in  what  manner  is  white  arsenic 
obtained?  The  formula  of  arsenious  acid  is  commonly  written 
HsAsOa  ;  what  e\'idence  exists  in  favour  of  this  expression  ? 

6.  You  are  supplied  with  500  grammes  of  washing  soda  crystals,  with 
the  object  of  making  caustic  soda  therefrom.  How  would  you  proceed, 
and  what  weight  of  product  would  you  expect  to  get  ? 

7.  The  specific  heat  of  a  certain  metal  is  "OSl ;  what  is  approxi- 
mately its  atomic  weight  ?  What  other  facts  would  be  required  in 
order  to  establish  its  atomic  weight  with  accuracy  ? 

8.  Starting  from  potassium  dichromate,  how  would  you  obtain  the 
following  compounds  of  chromium : — CrOa,  Or203,  Or02Cl2, 
(NE[i)2Cr04. 
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9  mat  are  the  causes  of  permanent  and  ^'^^'''Y,"^7.n^nC 
/.nWl  waters  and  what  means  have  been  proposed  for  softening 

How  would  you  test  for  lead  in  a  sample  of 

'to' WhTttctshave  been  discovered  with  reference  to  the  .apour 
dei  ity  of  hydi-ofluoric  acid,  the  action  of  an  electnc  cux-rent  upon  he 
anh^Ius  hquid,  and  the  conditions  requisite  for  the  isolation  of  the 
element  fluorine.  ^^^^ 

Ca  =  40.    C  =  12.    0  =  16. 

1  Describe  the  effect  of  mixing  a  solution  of  bleaching  powder 
with  manganous  sulphate,  cobalt  nitrate,  sulphuric  acid,  sodium 
carbonate,  and  hydrogen  peroxide,  respectively.  _  ,^,,V,nnv 

2  Classify  the  common  metals,  mercury,  copper,  zinc,  antimony, 
tin,' gold,  silver,  platinum,  lead,  and  ii-on,  according  to  the  action  of 

nitiic  acid  upon  them.  j    4.  i  oo  n 

3  What  volume  of  dry  carbon  dioxide,  measured  at  12  O.,  and 
under  a  pressure  of  755  mm.,  can  10  grammes  of  marble  theoretically 
afford  if  completely  decomposed  by  heat  P  „  ,  ,  v  i 

4.  Describe  any  two  methods  by  which  you  would  test  the  validity 
of  the  expression  NHs  for  ammonia  gas. 

5  Give  examples  of  ferrous  and  ferric  salts  ;  point  out  their  dis- 
tinctive characters,  as  weU  as  tests  for  them  ;  describe  and  explain  the 
methods  by  which  they  can  be  changed  one  into  the  other. 

6.  n  the  equivalent  of  magnesium  by  12-1,  explain  fuUy  how  you 
would  proceed  in  order  to  ascertain  whether  or  not  the  equivalent  and 
atomic  weights  are  identical. 

7.  What  is  the  method  in  general  use  for  the  preparation  of 
bleachiag  powder?  What  is  the  composition  of  this  substance? 
What  is  the  action  of  water  upon  it?  Why  is  it  alkaline?  What 
action  has  carbon  dioxide  on  a  solution  of  bleaching  powder  ? 

8.  Describe  the  conversion  of  salt-cake  into  soda-ash,  and  the 
process  of  causticising  the  ash  so  as  to  yield  solid  caustic  soda.  State 
the  impurities  commonly  occurring  in  the  commercial  article. 

9.  Arrange  in  parallel  columns  the  formulae  of  the  best  known 
phosphates  and  arsenates  in  such  manner  as  to  show  that  they  are 
closely  analogous  in  composition,  and  state  in  what  properties  they 
resemble  each  other. 

10.  Describe  the  chief  physical  and  chemical  properties  of 
aluminium.  From  what  sources  and  by  what  processes  is  the  com- 
mercial metal  best  obtained  ?  Describe  any  useful  alloys  of  this  metal. 
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1896. 

H  =  1.    N  =  14.    0  =  16.    S  =  32. 

1.  Describe,  without  miaute  detail,  the  experiments  you  would  make 
in  order  to  ascertain  whether  the  formula  00  correctly  represents  the 
molecular  composition  of  carbon  monoxide  gas. 

2.  The  specific  heat  of  copper  is  0-0952  ;  calculate  from  this  datum 
the  atomic  weight  of  the  metal,  stating  the  general  principle  involved. 
Refer  to  any  exceptions  to  this  general  principle. 

3.  By  what  means  can  each  of  the  three  phosphoric  acids  (hydrogen 
phosphates)  be  obtained,  using  common  "phosphate  of  soda"  as  the 
primary  material  in  each  case  ? 

Draw  up  a  tabular  statement  of  the  reactions  by  which  these 
acids  are  distinguished  from  one  another. 

4.  Describe  the  preparation  of  a  concentrated  solution  of  hydrogen 
peroxide,  and  give  equations  showing  the  action  upon  this  substance 
of  («)  nianganese  dioxide,  (b)  silver  oxide,  (c)  neutral  solution  of 
potassium  permanganate,  and  {d}  potassium  permanganate  acidified 
with  sulphuric  acid. 

5.  Describe  any  experiment  which  shows  that  ammonium  chloride 
when  vaporised  imdergoes  dissociation. 

6.  What  quantity  of  nitric  acid  and  of  sulphui-ic  acid,  respectively, 
would  be  required  to  neutralise  10  litres  of  ammonia  gas  dissolved  in 
water  ? 

The  gas  may  be  supposed  to  have  been  measured  at  0°  0. 
and  760  mm. 

7.  Explain  the  production  of  the  gaseous  hydrides  of  arsenic  and 
antimony  in  the  ordinary  analytical  tests  for  those  elements ;  point 
out  the  distinctive  characters  of  the  hydrides,  and  explain  the  chemical 
changes  which  occur  when  each  gas  is  led  into  a  solution  of  silver 
nitrate. 

8.  How  is  lead  extracted  from  the  native  sulphide,  and  obtained  in 
a  commercially  pure  condition  ? 

9.  Enumerate  the  metals  which  are  capable  of  producing  "alums." 
Write  the  formula  of  common  alum,  describe  its  usual  crystaUine 
form  ;  and,  being  supplied  with  a  sufficient  quantity  of  the  salt,  state 
how  you  would  proceed  to  make  a  specimen  consisting  of  distinct 
crystals. 

10.  State  the  general  characters  of  the  magnesium-zinc-cadmiimi 
family  of  metals,  and  indicate  their  relations  to  the  alkaline  earths  on 
the  one  hand  and  to  aluminium  on  the  other. 
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1897. 

1.  The  fomnala  H2CO3  is  usually  attributed  to  carbonic  acid  ;  upon 

what  evidence  is  this  based  ?  j     •  j.     „  . 

2  Chlorine  gas  is  passed  into  the  following  solutions  and  mixtures  , 
explain  by  equations,  the  effects  produced  in  each  case  :— 

(a)  Cold  solution  of  caustic  potash. 

(i)  Hot  solution  of  caustic  potash. 

(c)  Bismuthic  oxide  suspended  in  solution  of  potash. 

{d)  Potassium  iodate  dissolved  in  solution  of  caustic  potash. 

(e)  Solution  of  potassium  iodide  in  water. 

(/)  Mixture  of  silica  and  carbon,  red  hot. 

3.  Give  exact  instructions  for  preparing,  upon  a  small  scale,  any 
two"  of  the  foUowiag  compounds  :— pure  crystallized  copper  sulphate, 
crystallized  feii-ous  ammonium  sulphate,  chromium  trioxide,  chromyl 
chloride  (CrO'.Cl2),  crystalHzed  trisodio  phosphate,  crystallized 
antimony  trichloride. 

4.  Desciibe  the  production  of  zinc  by  the  Belgian  process.  What 
impurities  are  usually  present  in  commercial  zinc  ? 

5.  State  the  law  of  Dulong  and  Petit  relating  to  specific  heats. 
A  certain  element  has  the  equivalent  40,  and  forms  a  volatile  chloride 
the  vapour  density  of  wHch  is  about  113  (H  =  1).  What  should  the 
specific  heat  of  the  element  be,  approximately  ? 

6.  There  are  three  oxides  of  lead  which  have  the  composition  shown 
below  : — 

Pb  92-85  90-63  86-51  per  cent. 

0     7-15  9-37  13-49  per  cent. 

100-00  100-00  100-00 

Illustrate  the  law  of  combination  iu  multiple  proportions,  by 
reference  to  the  composition  of  these  three  oxides. 

7.  Give  examples  of  monatomic,  diatomic,  triatomic,  and  tetratomic 
molecules  of  elementary  substances,  and  state  how  their  constitution 
has  beed  arrived  at. 

8.  Describe  any  process  employed  for  extracting  copper  and  silver 
from  pyrites  cinder  (residue  of  vitriol  manufacture) . 

9.  What  are  the  chief  characteristics  of  the  elements  calcium, 
strontium,  and  barium,  and  the  properties  of  their  chlorides,  oxides, 
and  sulphates,  which  lead  to  their  classification  in  one  family  or  sub- 
group ? 

10.  How  would  you  prepare  pure  hydrogen  sulphide,  and  what 
operations  would  you  perform  in  order  to  establish  the  formula  H?S  F 
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1.  Write  the  formulae  of  the  following  compounds  with  their 
several  proportions  of  water,  if  any,  when  crystallized  : — alum,  blue 
vitriol,  Epsom  salt,  common  sodium  phosphate,  microcosmic  salt, 
sal  ammoniac,  white  precipitate,  corrosive  sublimate. 

2.  Describe  a  good  method  for  the  exact  determination  of  carbon 
dioxide  in  common  air. 

3.  A  solution  of  hydrogen  iodide  in  water  can  be  obtained  by  the 
interaction  of  hydrogen  sulphide  and  iodine  in  presence  of  water,  but 
when  the  solution  contains  about  60  per  cent,  of  HI  the  action  ceases. 
Explain  this  effect  and  state  how  a  stronger  solution  may  be  obtained. 

4.  State  the  general  chai-acters  of  the  metals  of  the  alkaline  earths. 
What  is  the  relation  of  magnesium  to  this  group  ? 

6.  How  is  potassium  permanganate  made?  Write  equations  show- 
ing the  action  of  this  salt,  acidified  strongly  with  sulphuric  acid,  upon 
each  of  the  following  substances  dissolved  in  water :— ferrous  sulphate, 
potassium  iodide,  sodium  peroxide,  oxalic  acid. 

6.  Describe  the  preparation,  composition,  and  properties  of  silicon 
hydride. 

7.  What  is  spiegeleisen ?  For  what  purpose  is  it  used?  What  is 
the  difference  between  spiegeleisen  and  ferromanganese  ? 

8.  Give  the  names  and  fonnulae  of  the  priaciple  minerals  which 
contain  arsenic,  and  state  how  the  element  may  be  obtained  fi'om  any 
one  of  them. 

9.  How  has  the  vapour  density  of  arsenic  been  determined,  and 
what  conclusion  has  been  arrived  at  as  to  the  constitution  of  the 
molecule  of  this  element  and  of  its  common  oxide  ? 

10.  What  is  gypsum  ?  Describe  the  preparation  of  plaster  of  Paris. 
Explain  the  change  which  causes  the  setting  of  the  plaster. 

1898. 

1.  If  you  were  provided  with  hydrochloric  acid,  manganese  dioxide, 
and  chalk,  how  many  substances  could  you  prepare?  Write  the 
formula  of  each,  and  show  by  an  equation  how  it  is  formed  ? 

2.  Write  the  formulae  of  the  following  minerals: — iron  pyrites, 
ciimabar,  selenite,  Iceland  spar,  galena,  felspar,  olivine,  camaUite. 
By  what  treatment  could  you  prepare  pure  silica  from  any  of  these 
substances  ? 

3.  State  the  "Law  of  Avogadro  "  and  the  facts  upon  which  this 
hypothesis  is  based.  Define  the  word  molecule  as  used  in  connection 
with  the  law. 
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4.  Describe  the  action  of  water  under  different  conditions  upon  the 
sovcrnl  chlorides  of  phosphorus,  arsenic,  antimony  and  bismuth. 

5.  What  are  the  chief  natural  sources  of  boron?  "Write  the  formula 
and  describe  the  chief  properties  of  its  oxide,  and  state  how  you  would 
prepare  a  specimen  of  its  oxide. 

6.  A  white  substance  held  in  the  Bunsen  flame  imparts  to  it  a  green 
tinge.  Name  the  elements  whose  compounds  behave  in  this  way,  and 
state  how  you  would  distinguish  between  them. 

7.  How  would  you  prepare  chlorine  and  oxygen  respectively  from 
bleaching  powder  ?    Explain  by  equations  in  each  case. 

8.  A  metallic  oxide  when  moistened  with  water  becomes  hot,  and 
on  addition  of  more  water  furnishes  a  strongly  alkaline  solution  which 
gives  a  copious  white  precipitate  with  carbon  dioxide.  This  pre- 
cipitate is  not  appreciably  affected  by  heating  it  to  redness.  "What  ia 
this  oxide  and  what  changes  has  it  undergone  in  these  experiments  ? 

9.  By  what  experiment  would  you  prove  that  hydrogen  chloride 
contains  half  its  volume  of  hydrogen  ? 

10.  A  sample  of  bromine  is  known  to  contain  a  small  quantity  of 
chlorine  ;  how  woidd  you  purify  it  ? 

11.  How  would  you  prove  that  lime  contains  oxygen  ? 

12.  Give  exact  instructions  for  preparing  upon  a  small  scale  any 
two  of  the  following  compounds :— pure  sodium  chloride  (from 
common  salt),  crystallized  ferrous  ammonium  sulphate,  solution  of 
ammonium  hydrogen  sulphide,  crystallised  microcosmic  salt  (sodium 
ammonium  hydrogen  phosphate). 


1899. 

1.  "What  weight  of  sulphuric  acid  containing  98  per  cent  of  H2SO4 
would  be  required  to  decompose  completely  250  grams  of  potassium 
nitrate  in  a  glass  retort  ? 

2.  "What  happens  to  phosphorus  pentachloride  when  it  is  heated  ? 
Under  what  conditions  can  this  compound  give  vapour  having  nearly 
the  calculated  density  ? 

_  3.  Give  particulars  of  processes  for  the  preparation  of  the  foUow- 
mg  substances  in  a  state  of  purity  :  

(a)  CrystaUised  silver  nitrate  from  silver  coins. 

(*)  Potassium  nitrate  from  impure  salt  containing  chloride. 

(c)  Orthoarsenic  acid. 

((f)  Chromium  trioxide. 

ADV.  CIIEM.  V 
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4.  How  would  you  prove  that  hydrogen  sulj)hide  contains  its  own 
volume  of  hydrogen  P  Describe  precisely  how  the  experiments  should 
he  made. 

5.  Contrast  the  production  and  properties  of  perchloric  and 
periodic  acids. 

6.  Give  an  account  of  the  preparation  and  properties  of  the  com- 
pounds which  nitrogen  forms  with  hydrogen. 

7.  What  is  the  composition  of  heavy  spar  and  of  witherite  ?  How 
would  you  prepare  from  each  a  crystallised  specimen  of  the  corre- 
sponding metallic  nitrate  ? 

8.  What  is  the  action  of  ozone  upon  potassium  iodide,  and  how 
would  the  effect  he  distinguished  from  that  which  is  produced  upon 
the  same  salt  by  nitrogen  peroxide  ?  Calculate  the  weight  of  potas- 
sium iodide  equivalent  to  one  gram-molecule  of  ozone. 

K  =  39-1.    I  =  126-8.    O  =  16. 

9.  Describe,  with  any  necessary  detaU,  the  preparation  of  any 
three  solid  substances  of  definite  composition,  such  as  salts,  oxides, 
etc.,  which  you  have  made  with  your  own  hands. 

10.  Explain  fully  why  the  formula  for  the  molecule  of  hydrogen 
is  written  Hz  and  of  oxygen  O2. 

11.  What  is  the  action  of  water  upon  the  following  substances: 
red-hot  iron,  phosphorus,  pentachloride,  sulphuric  anhydride, 
chromyl  dichloride  (CrOzClz),  magnesium  nitride,  sodium  dioxide  ? 
Give  equations. 

12.  Give  an  account  of  the  reduction  of  tin  from  its  ore,  and  of  the 
purification  of  the  metal. 
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the  prescribed  aylla.'hvia."—Oaiford  Maffuzine. 

Thoroughly  adequate  for  its  purpose." — Education. 

"  We  commend  the  present  volume  for  its  clearness,  simplicity,  and 
thoroughness.  No  candidate  for  a  certificate  in  thig  subject  and  stage 
should  be  without  a  copy." — Educational  News. 

"This  book  is  prepared  with  the  usual  thoroughness  of  the 
University  Correspondence  College  Press.  The  Euclid  is  exceptionally 
well  done." — Schoolmaster. 

"This  is  in  every  way  a  trustworthy  book." — Secondary  Education. 

"  Distinctive  type,  clear  printing,  and  conciseness  of  expression  are 
prominent  features  of  this  ser^dceable  volume."  — TAe  Mechanical 
World. 

"  To  students  preparing  for  the  second  stage,  it  will  be  useful  to 
have  the  three  subjects  so  fully  treated,  and  yet  withiu  the  limits  of  a 
single  volume." — Journal  of  Education. 

"  A  well  arranged  and  beautifully  printed  tTcatise." — Engineer. 

"The  treatment  is  conspicuously  clear." — Publishers^  Circular. 

"A  marvel  of  completeness,  accui-acy,  and  cheapness."— &/jooZ 
Teacher. 

"  From  whatever  point  of  view  the  book  is  examined  it  is  certain  to 
result  in  giving  complete  satisfaction." — Teachers^  Aid. 

"  This  book  is  clear,  compact,  and  well  executed,  and  may  be 
heartily  commended." — Practical  Teacher, 

•  '  The  book  is  very  suitable  for  its  pm-poso.  The  details  of  its 
arrangement  and  typograjihy  bear  evidence  of  care  and  experience  ij} 
its  preparation." — Electrical  Bevieiu. 

"  We  feel  sure  that  any  student  or  class  that  works  carefully 
through  this  handbook  will  face  successfully  any  Second  Stage  paper." 
— Arbroath  Herald, 

^'  The  treatnient  is  conspicuously  clear." — Publishers^  Circular, 


TEE  ORGANIZED  SCIENCE  SERIES. 


Mechanics,  Advannnd.    With  the  questions  of  the 
last  eleven  years  set  at  the  Advanced  Examination  of 
the   Science   and  Art   Department.    By  William 
Briggs,  M.A,  LL.B,  F.E.A.S,  and  a.  H.  Brya.. 
Sc.D.,  M.A.,  F.E.S. 

^''^"Ss."  6^™'^'-  S'^™-    '^'^'^oncl  Edition, 

"The  student  who  wishes  to  face  the  South  Kensington  examina- 
tion with  a  cheerful  countenance  should  master  this  well-SL 
vade  mecum  than  which  no  better  treatise  has  come  under  our  notice 
— Practical  Teacher.  x^uuii^d. 

"  This  is  a  welcome  addition  to  our  text-books  on  statics.  The 
treatment  is  sound,  clear,  and  interesting.  "-/o«.r««7o/^.;»c«<i6«. 

"  We  unhesitatingly  pronounce  this  publication  by  far  the  best 
work  of  its  kind  we  have  ever  —National  Teacher. 

"'The  book  is  thoroughly  practical,  the  principles  and  demonstra- 
tions are  remarkably  clear,  and  the  work  as  a  whole  makes  the  subiect 
about  as  plain  and  intelligible  as  any  student  could  reasonably  desire  " 
— Schoolmaster. 

"  Written  with  commendable  al&sxriQss.'''— Educational  Times. 

Heat,  Advanced.  With  90  diagrams  and  numerous 
calculations,  and  the  questions  of  the  last  13  years  set 
at  the  Advanced  Examination  of  the  Science  and  Art 
DeiDartment.  By  E.  W.  Stewart,  D.Sc.  Lend. 
Second  Edition.    3s.  6d. 

"Clear,  concise,  well  arranged  and  well  illustrated,  and,  as  far  as 
we  have  tested,  accurate." — Journal  of  Education. 

"  Will  be  found  equally  well  adapted  for  general  use  by  those 
students  who  have  already  mastered  the  first  principles  of  physics." 
— School  Guardian. 

"  It  will  be  found  an  admirable  text-book." — Educational  News, 
y  The  principles  of  the  subject  are  clearly  set  forth,  and  are  exem- 
plified by  carefully  chosen  examples." — Oxford  Magazine. 

Magnetism   and    Electricity,   Advanced.  By 

E.  W.  Stewart,  D.Sc.  Lend.    3s.  6d. 

"This  volume  covers  completely  the  requirements  of  the  syllabus, 
and  includes  the  latest  scientific  advances  in  the  subject." — Outlook. 
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Chemistry,  Advanced  Inorganic  (Theoretical). 

By  G.  H.  Bailey,  D.Sc.  Loncl.,  Ph.D.  EcHtod  by 
William  Briggs,  M.A.,  F.C.S.,  F.E.A.S.  Second 
m  it  ion.   3s.  6d. 

"The  mode  of  treatment  is  broad  and  luminous,  and  the  informa- 
tion is  well  selected.  The  chapter  on  the  atomic  weights  of  the 
elements  is  e.xcellent."- — Nature. 

"The  book  is  clear,  concise,  and  well  arranged." — Journal  of 
Ediwa/iuii. 

"Dr.  Bailey  has  selected  and  submitted  the  chemical  facts  them- 
selves in  the  clear  way  to  be  expected  from  his  long  experience  as  a 
lecturer  in  the  Victoria  University." — Guardian. 

"  We  congratulate  the  author  of  this  work  on  the  clearness  of  its 
exposition,  the  number  of  its  diagrams,  and  its  eye  to  the  practical. 
The  chemistry  of  '  manufactures  '  is  well  done." — Literurij  World. 

' '  This  a  well  planned  and  well  executed  sequel  to  the  same  author's 
elementary  work.  We  can  recommend  it  to  teachers  of  chemistry." 
— Educational  Times. 

"  A  very  successful  volume.^' —Spectator . 

"  Most  valuable  for  advanced  stage  students." — Roard  Teacher. 
"The  work  fully  maintains  the  high  standard  of  excellence  dis- 
played in  the  previous  numbers  of  the  series."— Educational  News. 

Chemistry,  Advanced  Inorganic  (Practical).  By 

William  Bmggs,  M.A.,  LL.B.,  F.C.S.,  and  E.  W. 
Stewart,  D.Sc.  Lond.  2s. 

Chemistry,  Practical  Organic  By  George  George. 
F.C.S.    Is.  6d. 

"  The  instructions  are  clear,  and  the  book  should  prove  useful."  

Educational  Times. 

"  The  book  is  evidently  written  by  one  conversant  with  the  subject-, 
and  students  can  depend  on  the  various  tests  and  methods  of  analysis 
as  those  most  suitable  for  the  i:>\ir])ose."—Rharmaceuiical  Journal. 

"The  author  has  succeeded  in  producing  a  work  which  will  be 
found  useful,  not  only  to  the  examinee,  but  also  to  the  general 
student  of  chemistry.  The  system  upon  which  the  tests  are  arranged 
IS  sound  and  \>ractica.]."— Electrical  Review. 

"  The  arrangement  of  the  matter  prescribed  in  the  syllabus  is 
carried  out  with  very  considerable  skill.  The  instructions  to  the 
student  are  everywhere  fidl  and  clear.  We  strongly  recommend  the 
book.  — Educational  News. 

"  This  is  a  very  excellent  work,  which  cannot  fail  to  be  of  essential 
service  to  subject  XI.  candidates,  indeed  to  laboratory  ptudents 
generally."— J«wH,/(j(3»,  ■    ^  ' 
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fIDatbematice  anb  flDecbantce. 

Algebra,  A  Mildle.  By  William  Beiggs,  M.A.,  LL.B.,  F.R.A.S., 
and  G.  H.  BuYAN,  Sc.D.,  M.A.,  F.R.S.  Based  on  the  Algebra 
of  Radhakrishnan.    3s.  6d. 

Algebra,  The  Tutorial.   By  the  same  Authors.  Part  I.  Elementary 

Course.  //*  preparation.    Part  II.    ADVANCED  C0UK.SE.   6s.  6d. 

"Every  teacher  of  mathematics  should  possess  this  vohime,  aud  we  hope  that 
the  impulse  that  it  gives  will  revolutionise  the  teaching  of  algebra."— O.r/orrf 
Magazine. 

"  All  the  theorems  usually  associsited  with  advanced  algebra  are  here  given,  with 
proofs  of  remarkable  force  and  clearness." — Schoolmaster. 

Book-keeping,  Practical  Lessons  in.  Adapted  to  the  requirements  of 
the  Civil  Service,  Society  of  Arts,  London  Chamber  of  Commerce, 
College  of  Preceptors,  Oxford  and  Cambridge  Locals,  etc. 
With  100  Exercises.  By  THOMAS  Ch-altcio  Jackson,  B.A., 
LL.B.  3s.  6d.  Exercise  Book,  ruled  Ledger,  Journal  or  Cash.  3d. 

"  A  well  arranged  and  well  explained  treatise,  adapted  for  use  in  schools,  and  for 
commercial  and  other  candidates." — Jiducational  Times. 

Coordinate  Geometry :  Part  I.    The  Right  Line  and  Circle.  By 
William  Beiggs,  M.A.,  LL.B.,  F.R.A.S.,  and  G.  H.  Bryan, 
Sc.D.,  M.A.,  F.R.S.    Third  Edition.    3s.  6d. 
"  It  is  thoroughly  sound  throughout,  and  indeed  deals  with  some  difficult  points 
with  a  clearness  and  accuracy  that  has  not,  we  believe,  been  surpassed."— i?rf«fr(^/o?i . 
"  Thoroughly  practical  and  YLQl^twV— Schoolmaster . 

Coordinate  Geometry,  Part  II.  The  Conic.  By  J.  H.  Grace,  M.A., 
Fellow  of  St.  Peter's  College,  Cambridge,  and  F.  Rosenberg, 
M.A.  Camb.,  B.Sc.  Lond.    4s.  6d. 

"The  chapters  on  systems  of  conies,  envelopes,  and  harmonic  section  are  a 
valuable  addition  to  scholarship  students.  The  book  fully  maintains  the  reputa- 
tion of  the  neriGs."— Guardian. 

Dynamics,  The  Tutorial.  By  William  Briggs,  M.A.,  F.C.S., 
F.R.A.S.,  and  G.  H.  Bryan,  Sc.D.,  M.A.,  F.R.S.    3s.  6d. 

"This  volume  seems  in  every  way  most  suitable  for  the  use  of  beginners,  the 
initial  difficulties  being  fully  explained  and  abundantly  illustrated."— ./ojwv/rt/  of 
Education. 

Euclid.— Books  I. -IV.    By  Rupert  Deakin,  M.A.  Lond.  and  Oxon., 
Headmaster  of  Stourbridge  Grammar  School.    2s.  6d.  Also 
separately:  Books  L,  II.,  Is. 
"The  propositions  are  well  set  out,  and  useful  notes  are  added.   The  figures  and 
letterpress  are  both  well  printed."— 6'«wir(V///«  iJ^'c/ew. 

"  The  teacher  of  Euclid  who  may  found  his  teachmg  on  the  model  here  provided 
can  hardly  fail  of  succeas." —Schoolmaster. 

Geometry  of  Similar  Figures  and  the  Plane.  (Euclid  VI.  -i^i^d  XL) 
With  munerous  Deductions  worked  and  unworkcd.  By  C.  .  C. 
Barlow,  M.A.,  B.Sc,  and  G.  IL  Bryan,  Sc.D.,  F.R  S.  2s.  6d. 

1" 
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/Ibatbematics  ant)  {\Xiccbm\ic5—conUnued. 

Hydrostatics,  An  Elementary  Text-Book  of.  By  William  Briggs, 
M.A.,  F.C.S.,  F.E.A.S.,  and  G.  H.  Bkyan,  Sc.D.,  F.R.S., 

Second  Edition.  2s. 
"An  excellent  text-book."— ^oKraa^  of  Education. 

"  The  diagrams  and  illustrations  are  all  very  practical.  The  text  is  written  so  as 
to  give  a  clear  and  systematised  knowledge  of  the  subject."— &7(,no/wi«.s'/cr. 

Mechanics,  An  Elementary  Text-Book  of.  By  the  same  Authors. 
Second  EdiLioi).    3s.  6d. 

"  From  whatever  point  of  view  regarded,  the  work  appears  to  us  to  merit  un- 
qualified recommendation." — Technical  World. 

"  It  is  a  good  book— clear,  concise,  and  accurate."— ./oiM'Mrt/  of  Education. 

"  Affords  beginners  a  thorough  grounding  in  djaiamics  and  statics. " — Knowledge. 

"A  most  useful  and  helpful  manual." — Educaiio?ifil  Eevieiv. 

Mechanics,  The  Preceptors'.    By  F.  Rosenberg,  M.A.,  B.Sc.  2s.  6d. 

"  The  general  style  of  the  book  is  eminently  calculated  to  teach  in  the  clearest 
manner  po.ssible." — Electrical  llerieiv. 

"A  practical  book  for  this  subject.  It  will  be  found  exceedingly  visoful." — 
Educational  N'ews. 

Mensuration  of  the  Simpler  Figures.  By  WiLLfAM  Beiggs,  M.A., 
F.C.S.,  F.R.A.S.,  and  T.  W.  Edmondson,  M.A.  Camb.,  B.A. 
Lond.    Third  Edition.    2s.  6d. 

Mensuration  and  Spherical  Geometry :    Being  Mensm-ation  of  the 
Simpler  Figures  and  the  G-eoraetrical  Properties  of  the  Sphere. 
Specially  intended  for  London  Inter.  Arts  and  Science.    By  the 
same  Authors.    Third  Edition.    3s.  6d. 
"  The  book  comes  from  the  hands  of  experts ;  we  can  think  of  nothing  better 
(lualified  to  enable  the  student  to  master  this  branch  of  the  syllabus,  and  to  promote 
a  correct  style  in  his  mathematical  manipulations." — Schoolmaster. 

Statics,  The  Tutorial.    By  William  Bhiggs,  M.A.,  LL.B  ,  F.R  A.S  , 

and  G.  II.  Bryan,  Sc.D.,  M.A.,  F.R.S.    3s.  6d. 

"  This  is  a  welcome  addition  to  our  text-books  on  Statics.  The  treatment  is 
sound,  clear,  and  interesting,  and  in  several  cases  the  familiar  old  proofs  are 
simplified  and  imin-OYed."— Journal  of  Education. 

Trigonometry,  The  Preceptors'.    By  William  Beiggs,  M.A.,  LL.B., 
_  F.C.S.,  and  G,  H.  Beyan,  Sc.D.,  M.A.,  F.R.S.    2s.  6d. 

"  The  book  meets  excellently  the  wants  of  the  student  reading  for  the  College  of 
Preceptors'  examination."—  Guardian. 

"The  discussion  of  logarithms  and  the  use  of  tables  is  distinctly  above  the 

average.   The  hints  and  cautions  to  students  are  likely  to  be  of  great  service  "  

fiiliool  World. 

Trigonometry,  The  Tutorial.    By  William  Briggs,  M.A.,  LL  B 
F.R.A.S.,  and  G.  H.  BiiYAN,  Sc.D.,  M.A.,  F.R.S.    3s.  6d. 

"  Good  as  the  works  of  these  authors  usually  are,  we  think  this  one  of  tlieir  best  " 
— Education. 
"An  excellent  text-book."- ,SV;/ioo/  Guardian. 


Trigonometry,  Synopsis  of  Elementary.    By  WiLLlAM  Briggs  M  A 
l(L.B„  F.H.A.S,    Interleaved.    Is.  6d.  '   ••  •> 
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Analysis  of  a  Simple  Salt.  With  a  Selection  of  Model  Analyses 
and  Tables  of  Analysis  (on  linen).  By  William  Beiggs, 
M.A.,  LL.B.,  F.C.S.,  and  R.  W.  Stewart,  D.Sc.  Lond! 
Faiirth  Edition.    2s.  6d.    Tables  of  Analysis  (separately). 

"  The  selection  of  model  analyses  is  an  excellent  feiituTe:"—I!ducational  Times, 

Chemistry,  The  Tutorial.    By  G.  H.  Bailey,  D.Sc.  Lend.,  Ph.D. 

Heidelberg,    Lecturer   in   Chemistry  at  Victoria  University. 
Edited  by  William  Briggs,  M.A.,  F.C.S. 
Part  I.,  Non-Metals.   3s.  6d.    Part  II.,  Metals.   3s.  6d. 

"  The  book  impresses  one  as  having  been  written  by  a  teacher  in  personal 
contact  with  beginners,  on  account  of  the  endeavours  made  in  many  places 
to  explain  difllculties  which  constantly  afflict  the  chemical  tyro."— Pharmaceutical 
Journal. 

"  We  cannot  speak  too  highly  of  its  lucid  and  concise  explanations,  its  thoroushly 
scientific  treatment,  and  its  eminently  practical  arrangement  and  execution."— 
Educational  jYews. 

Carbon  Compounds,  An  Introduction  to.  By  R.  H.  Adie,  M.A., 
B.Sc.    2s.  6d. 

"  To  students  who  have  already  a  sUght  elementary  acquaintance  with  the 
subject  this  work  cannot  fail  to  afford  valuable  assistance.  The  experiments  are 
well  selected. "~iV«<«rc. 

Chemistry,  Synopsis  of  Non-Metallic.    With  an  Appendix  un  Calcula- 
tions.   By  William  Briggs,  M.A.,  LL.B.,  F.C.S.   Neiv  and 
Revised  Edition,  Interleaved.    Is.  6d. 
"  Arranged  in  a  very  clear  and  handy  form." — Journal  of  Education. 

Chemical  Analysis,  Qualitative  and  Quantitative.  By  William 
Briggs,  M.A.,  LL.B.,  F.C.S.,  andE.  W.  Stewart,  D.Sc.  Lond. 
3s.  6d. 

"  The  instructions  are  clear  and  concise.  The  pupil  who  uses  this  book  ought  to 
obtain  an  intelligible  grasp  of  the  principles  of  analysis." — Nature. 

"A  most  careful  and  reliable  compendium  of  inoganic  analysis.  The  book  has 
our  conmaeudation." — Practical  Teacher. 

Metals  and  their  Compounds.  By  G.  H.  Bailey,  D.Sc,  Ph.D. 
Is.  6d. 


Biology* 


Botany,  Text-Book  of.    By  J.  M.  LowsoN,  M.A.,  B.Sc.    6s.  6d. 

"  It  represents  the  nearest  approach  to  the  ideal  botanical  text-book  that  has  yet 
been  produced." — Pharmaceutical  Journal. 
"  An  excellent  'book.'"— Guardian. 

Zoology,  Text-Book  of.  By  H.  G.  WELLS,  B.Sc.  Lond.,  F.Z.S., 
F.C.P.  Enlarged  and  Revised  by  A.  M.  Davies,  B.Sc.  Lond. 
6s.  6d. 

"The  chapter  on  development  is  very  good,  and  there  are  many  clear  and 
excellent  woodcuts  illustrating  the  text." — Lancet. 

"This  is  a  good  book.  The  information  is  accurate,  the  diagranis  are  dear,  m<\ 
the  language  sulliciently  simple  an4  iirQGt."—Itosj)itf{f. 
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THE  TUTORIAL  PHYSICS.  By  E.  Wallace  stewaet,  D.Sc.  Lond., 
First  in  First  Class  Honours  in  Physics  at  B.Sc,  and  E.  CaxcH- 
POOL,  B.Sc.  Lond.,  qualified  for  the  University  Scholarship  in 
Physics.  With  numerous  Diagrams  and  Calculations.  In  Four 
Volumes. 

I.  Sound,  Text-Book  of.   By  E.  Catchpool,  B.Sc.   Second  Edition. 
3s.  6d. 

"  There  are  inimeroiis  books  on  acoustics,  but  few  cover  exactly  the  same  ground 
as  this,  or  are  more  suitable  introductions  to  a  study  of  the  subject." — NaUire. 

II.  Heat,   Text-Book  of.    By  R.  W.  SlWAKT,  D.Sc.  Third 
Edition.    38.  6d. 

"  Clear,  concise,  well  arranged,  and  well  illustrated,  and,  as  far  as  we  have  tested, 
accurate." — Joxirnal  of  Education. 

III.  Light,  Text-Book  of.    By  R.  W.  Stewaet,  D.Sc.  Third 
Edition.    38.  6d. 

"  The  style  of  the  book  is  simple,  the  matter  well  arranged,  and  the  underlying 
principles  of  the  subjects  treated  of  accurately  and  concisely  set  forth." — Educa- 
tional Review. 

IV.  Magnetism  and  Electricity,  Text-Book  of.  By  R.  W.  Stewaet, 
D.Sc.    Fourth  Edition.    3s.  6d. 

"  Distinguished  by  accurate  scientific  knowledge  and  lucid  explanations." — 
Educational  Times. 

Heat  and  Light,  Elementary  Text-Book  of.    By  R.  W.  Stewaet, 
D.Sc.  Lond.    Third  Edition.    38.  6d. 
"  A  welcome  addition  to  a  useful  series."  —School  Guardian, 

Heat,  Elementary  Text-Book  of.  By  R.  W.  Stewaet,  D.Sc.  Lond.  2s. 

Light,  An  Elementary  Text-Book  of.  By  R.  W.  Stewaet,  D.Sc. 
Lond.  2s. 

Sound,  Elementary  Text-Book  of.   By  J.  Don,  M.A.  Is.  6d. 

"This  book  is  evidently  the  work  of  a  practical  teacher,  and  as  such  is  very 
thorough  in  its  treatment,  lucid  in  its  style,  and  masterly  in  its  mafhod^."— Educa- 
tional News. 

"  The  author  shews  himself  able  to  explain  in  a  helpful  mwaner."— Educational 
Times. 

General  lElenientar^  Science. 

General  Elementary  Science.  Edited  by  William  Beiggs,  M.A., 
LL.B.,  F.C.S.    Third  Edition.    8s.  6d. 

"Decidedly  above  the  average  of  this  class  of  work.  The  experimental  part  of 
the  chemistry  is  decidedly  good."— Guardian. 

"  We  can  confidently  recommend  this  book  as  being  admirably  adapted  for  this 
purpose."— Journal  of  Education 

"A  book  so  clear  and  thorough  as  the  one  before  us  will  be  very  welcome."— 
Schoolmaster. 

"Just  tlie  book  for  the  London  Matriculation .  Will  be  welcomed  by  thousands  ' ' 
—Board  Teacher. 
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Xatin  anb  6reef^. 

Grammaes  and  readers. 
The  Tutorial  Greek  Reader.    With  Vocaijulaeies.    By  A,  Waugh 
Young,  M.A.  Lond.,  Gold  Medallist  in  Classics,  Assistant  Ex- 
aminer at  the  University  of  London.    Second  Edition.   2s  6d 
The  Tutorial  Latin  Dictionary.    By  F.  G.  Plaistowe,  M.A.  Lond. 
and  Camb.,  Gold  Medallist  in  Classics,  late  Fellow  of  Queens' 
College,  Cambridge.   6s.  6d. 
"A  good  specimen  of  elemental^  dictionary-making."— J?d««co<«on«?  Timen. 
"A  sound  school  dictionary." — Sjicnke^-. 

The  Tutorial  Latin  Grammar.  By  B.  J.  Hayes,  M.A.  Lond.  and 
Camb.,  and  W.  F.  Masom,  M.A.  Lond.    Fourth  Edition.   3s.  6d. 

"Practical  experience  in  teaching  and  thorough  famiharity  with  details  are 
plainly  recognisable." — Educational  News. 

"  It  is  accurate  and  full  without  being  overloaded  with  detail,  and  varieties  of 
tyiJe  are  used  With  such  effect  as  to  minimise  the  work  of  the  learner.  Tested  in 
respect  of  any  of  the  crucial  points,  it  comes  well  out  of  the  o-cAeaV'—Scho'dmaster. 

The  Tutorial  Latin  Grammar,  Exercises  and  Test  Questions  on.  By 

F.  L.  D.  HiCHAEDSON,  B.A.  Lond.,  and  A.  E.  W.  Hazel, 
LL.D.,  M.A.,  B.C.L.   Is.  6d. 

_  "This  will  be  found  very  useful  by  students  preparing  for  University  examina- 
tions."—  Westminster  JReview. 

The  Preceptors'  Latin  Course.  By  B.  J.  Hayes,  M.A.  [In  the  press. 
Latin  Composition.    With  CoidIohs  Exercises.  By  A.  H.  Allceoft, 

M.A.  Oxon.,  and  J.  H.  Haydon,  M.A.   Lond.  and  Camb. 

Fifth  Edition,  Revised.    2s.  6d. 
"This  useful  little  hook."^Journal  of  Hducation. 

"  Simplicity  of  statement  and  arrangement ;  apt  examples  illustrating  each  rule ; 
exceptions  to  these  adroitly  stated  just  at  the  proper  place  and  time,  are  among 
some  of  the  striking  characteristics  of  this  excellent  book." — Schoolmaster. 

Latin  Reader,  The  Tutorial.     With  Vocabdlaey  and  Appendix 
containing  the  Unseens  set  at  London  Matriculation  and  Inter. 
Ai'ts,  1875-1899.    Third  Edition.    2s.  6d.    Key  to  Parts  I.,  II., 
y.   2s.  6d.  net. 
"A  soundly  iwactical  viovk.''— Guardian. 

"  The  plan  is  good  and  well  carried  o^xi."— Journal  of  Education. 

IRonian  anb  (Breek  Ibietoi^. 

The  Tutorial  History  of  Rome.     (To  14  a.d.)    By  A.  H.  Ali-ceoft, 
M.A.  Oxon.,  and  W.  F.  Masom,  M.A.  Lond.    With  Maps  and 
Index.    Second  Edition.   3s.  6d. 
"  It  is  well  and  clearly  yfTitten."—Sntiirdai/  Rei-iew. 

"  A  distinctly  good  book,  full,  clear,  and  accurate.  The  narrative  is  throughout 
lucid  and  intelligible,  and  the  authors  have  taken  obvious  pains  to  bring  their  facts 
up  to  date." — Guardian. 

"  The  Tutorial  Eistory  of  Home  appears  to  us  to  be  an  accurate  and  capable 
manual  for  students,  and  the  book  is  witten  with  judgment  and  care."— Speaker. 

"  The  outcome  of  adequate  knowledge,  which  has  been  acquired  in  a  good  school, 
kept  equal  ^vith  the  latest  advances,  and  informed  with  a  genuinely  scientific 
spirit." — Spectator. 

History  of  Greece,  The  Tutorial.  By  W.  J.  WooDirouSE,  M.A., 
late  Craven  Fellow  in  the  University  of  Oxford,    fl/i  preparation. 
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The  Tutorial  French  Accidence.  By  Eknjsst  Wbekley,  M.A.  Lond., 
Professor  of  French,  University  CoUege,  Nottingham.  With 
Exercises,  and  a  Chapter  on  Elementary  Syntax.    3s.  6d. 
"  Wc  can  heartily  recommend  it."— Schoolmastei . 

The  Tutorial  French  Syntax.  By  Ernest  Weekley,  M.A.  Lond., 
and  A.  J.  Wyatt,  M.A.  Lond.  and  Camb.  With  Exercises. 
3s.  6d. 

"It  is  a  decidedly  good  book  and  should  have  a  ready  sale."— Ouafdian.  _ 
"  Mr.Weeldey  has  produced  a  clear,  full,  a  careful  Grammar  in  the  'Tutorial 

French  Accidence,'  and  the  companion  volume  of  '  Syntax,'  by  himself  and  Mr. 

"Wyatt,  is  worthy  of  it."— Saturday  lievicto. 

The  Tutorial  French  Q-rammar.  Containing  the  Accidence  and  the 
Syntax  in  One  Volume.    4s.  6d. 

The  Preceptors'  French  Course.  By  E.  Weekley,  M.A.  Lond. 
2s.  6d. 

"The  execution  is  distinctly  an  advance  on  similar  courses."— oTowr/iaZ  of 
Education. 

"  A  practical  work,  which  will  be  most  helpful  to  students  preparing  for  examina- 
tions. Both  the  rules  and  the  exorcises  set  upon  them  are  concise  and  much  to 
the  point." — Educational  Revieio. 

French  Prose  Composition.    By  E.  Weekley,  M.A.  Lond.    3s.  6d. 

"  The  arrangement  is  lucid,  the  rules  clearly  expressed,  the  suggestions  really 
helpful,  and  the  examples  aaxQlvllj  cihosnn." —Educational  Time-i. 

"  We  like  the  plan  and  arrangement  of  this  book,  which  will  be  welcome  to 
London  candidates  and  more  advanced  student." — Ouai'dian. 

"A  good  book. — "  Westminster  Heview. 

"  A  handy  and  trustworthy  guide.  The  practical  hints  are  excellent." — St. 
James'  Budget. 

The  Preceptors'  French  Reader.  By  Ernest  Weekley,  M.A. 
Lond.    With  Notes  and  Vocabulary.    Secmid  Edition.    Is.  6d. 

"  A  very  useful  first  reader  with  good  vocabulary  and  sensible  notes." — School- 
master. 

"  The  readings  are  simple,  varied,  and  well  chosen.  The  notes  are  apt  and 
thorough.  The  book  is  well  fitted  for  a  Junior  Class  Reader." — Editcitional 
News. 

"The  passages  are  carefully  graduated  in  difficulty,  and  will  afford  excellent 
practice  in  unseens.   As  a  class  book  it  will  be  found  useful." — Teachers'  Aid. 

French  Prose  Reader.  Edited  by  S.  Barlet,  B.  es  Sc.,  Examiner 
in  French  to  the  College  of  Preceptors,  and  W.  F.  Masom,  M.A. 
Lond.    With  Notes  and  Vocabulary.    Third  Edition.    2s.  6d. 

"  It  is  one  of  the  most  complete  and  most  carefully  compiled  works  of  the  kind 
which  has  yet  come  under  our  notice.  It  is  a  capital  work,  and  we  heartily  com- 
mend it." —  Civil  Service  Gazette. 

"Deserves  to  take  a  high  plaee  in  the  series  to  which  it  belongs."— /Sf/iooi! 
Guardian. 

"  Admirably  chosen  extracts.  Tlioy  are  so  selected  as  to  be  thoroughly  interesting 
and  at  the  same  time  thoroughly  illustrative  of  all  that  is  best  in  French  literatiu-e." 
—School  Board  Chronicle. 
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The  Matriculation  History  of  England.  By  C.  S.  Frakenside 
M.A.  Oxon.    (To  1702  A.D.)    3s.  6d. 

_  "  The  ingenious  arrangement,  numerous  sjniopses,  cross-references,  and  excellent 
index  will  enable  the  student  to  work  out  almost  any  problem  suggested  by  his 
tutor  or  set  in  past  examination  papers.  We  can  heartily  recommend  it."— 
Guardian. 

"  Clear,  concise,  well  arranged,  and  admirably  suited  for  its  purpose.    The  style, 
too,  is  fresh  and  vivacious." — C'ambj-Uf/e  Review. 
"  We  can  heartily  commend  it.  ' — Schoolmaster. 

"  The  plan  of  the  book  is  practical  and  helpful."— JJrf«cr(//ow«?  Times. 

"  For  the  upper  forms  of  schools  the  volume  is  specially  suited." — Morning  JPosl. 

The  Tutorial  History  of  England.  By  C.  S.  Feakk.nside,  M.A. 
Oxon.    4s.  6d.  \_In  preparation. 

The  English  Language  :  Its  History  and  Structure.  By  W.  H.  Low, 
M.A.  Lond.    With  Test  Q,0E.STI0NS.   liffh  Edition.    3s.  6d. 

"  A  clear  workmanlike  history  of  the  Engli.sh  language  done  on  sound  principles." 
— Saturday  lieriew. 

"  The  author  de  ils  very  fully  with  the  source  and  growth  of  the  language.  The 
parts  of  speech  are  dealt  with  historically  as  well  as  grammatically.  The  work  is 
scholarly  and  accurate." — Schoolmaster. 

"  The  history  of  the  language  aud  etymology  arc  both  well  and  fully  treated." — 
Teachi'rs^  Monthly. 

"  Aptly  and  cleverly  written." — Teachers'  Aid. 

"The  arrangement  of  the  book  is  devised  in  the  manner  most  suited  to  the 
student's  convenience,  and  most  calciilated  to  impress  his  memory." — Lyceum. 

"  It  is  in  the  best  sense  a  scientific  treatise.  There  is  not  a  superfluous  sentence." 
— Lditcational  News. 

The  Preceptors'  English  Grammar.  With  numerous  Exercises.  By 
W.  H.  Low,  M.A.  Lond.,  and  Arnold  Wall,  M.A.  Lond., 
Professor  of  English  in  the  University  of  New  Zealand. 

the  press. 

The  Tutorial  History  of  English  Literature.  By  A.  J.  Wyatt, 
M.A.  Lond.  and  Camb.    2s.  6d.  \_Iu  the  press. 

Shakespeare.  Edited,  with  Inteoduction  and  Notes,  by  Prof. 
W.  J.  ROLPE,  D.Litt.  With  Engravings.  In  40  volumes.  2s. 
each. 

"  Mr.  Kolfo's  excellent  series  of  school  editions  of  the  Plays  of  Shakespeare  give 
the  student  helps  and  hints  on  the  characters  and  meanings  of  the  plays,  while  the 
word-notes  are  also  full  and  posted  up  to  the  latest  A.aXQ.'"— Academy. 


Ocneral  Catalor/ue  of  The  University  Tutorial  Series,  and  list  of  Bools 
classified  for  London  University,  Cainhridyc  and  Oxford  Locals,  College  of 
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